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PREFACE TO THE THIRD EDITION 


In preparing the third edition of this work the author has added a chapter dealing 
with the geology of coal, and also one on the constitution of coal, because he thinks 
it necessary that students, and others who are interested in coal tar, should have 
at least a general knowledge of the substance from which it is derived. A new 
chapter has been included which deals briefly with the lay-out of works, and several 
diagrams of ideal sites are used to illustrate the text; in doing this the author 
wishes it to be understood that ideal sites are very rarely met with, but that it 1s 
wise to seek for a position as near as possible to the ideal, and arrange the plant in 
the most efficient manner afterwards. The old Chapter I, now Chapter III, has 
been revised considerably, and the formation and constitution of coal tar has received 
some attention. Additions have been made to many of the other chapters, and 
the one dealing with tar works tests has been considerably enlarged. A brief Biblio- 
graphy has been placed at the end of several of the chapters. 

The author has to thank the many manufacturers who have been kind enough 
to supply details of their special plants and lend him blocks or drawings with which 
to illustrate the text. He also has again to express his best thanks to his friend, 
Mr. Arnold R. Tankard, F.1.C., for his help and criticisms upon some of the chapters. 
Thanks are due to Dr. M. C. Stopes and the Controller of His Majesty’s Stationery 
Office for permission to use the microphotographs which illustrate Chapter II. 
These microphotographs are reproduced from Stopes and Wheeler’s Monograph on 
the Constitution of Coal. For help during the earlier periods in the preparation of 
this work the author has to thank his assistant, Miss O. M. Sanderson, F.C.S. He 
is also indebted to Mr. Burnard Geen, M.Inst.C.E., and to Mr. J. EH. Blundell, Engineer 
of the Carlisle Gas Works, for their kindness in allowing a description of the concrete 
tanks erected at the Carlisle Gas Works to appear in Chapter V, and also for the 
use of the photographs and drawing illustrating this description. For permission to 
publish the specifications on pages 388, 397, 431 the author has to thank the Com- 
mittee of the British Engineering Standards Association, and appreciation of the 
joint kindness of Dr. H. G. Colman and the Publication Committee of the Society 
of Chemical Industry for allowing the full text of Colman and Yeoman’s paper on 
the Determination of Benzene, Toluene, etc., in Coal Tar and Similar Products to 
appear in the analytical chapter, is expressed in this place. 
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In the revising of the Index and making many additions thereto, and for much 
other valuable assistance, the author takes this opportunity of recording his best 
thanks to his wife. — 

To the publishers, he expresses appreciation of their kindly forbearance in 
regard to the long delay which has occurred during the preparation of this edition 
owing to many unforeseen circumstances. 


ARTHUR R. WARNES. 
Hutt, October, 1923. 
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COAL TAR DISTILLATION AND WORKING 
UP OF COAL TAR PRODUCTS 


CHAPTER I 


COAL 


As coal is the mother substance from which coal tar is obtained it is desirable, 
especially from the point of view of the student, to consider briefly the subject of 
its geology, origin, and constitution before dealing with the chief theme of this 
book: coal tar and its distillates. 

It is not a very easy matter to give a simple definition of the term coal, those 
such as “ mineralised vegetation” and “ bottled-up sunshine” are very unsatis- 
factory and misleading. The most suitable definition is that given by Stopes and 
Wheeler,’ which is as follows: ‘“ Ordinary coal is a compact, stratified mass of 
“mummified ’ plants (which have in part suffered arrested decay to varying degrees 
of completeness), free from all save a very low percentage of other matter. Veins, 
partings, etc., which are found in nearly all coals, are local impurities and are not 
part of the coal itself.” 

Coal is found in many parts of the world, and occurs in the sedimentary rocks 
of the Paleozoic, Mesozoic, and Cainozoic eras. In the Palseozoic periods coal is 
found in the Devonian, Carboniferous, and the Permian, the coal measures epoch 
of the Carboniferous period yielding enormous quantities of coal. These deposits 
are worked in Great Britain, Australia, India, South Africa, France, Germany, 
and North and South America. In the three periods of the Mesozoic era, the Triassic, 
Jurassic, and Cretaceous, deposits of coal are found in Kurope, Russia, Japan, and 
North America, and the Oligocene and Miocene periods of the Cainozoic era yield 
coal in the deposits in Britain, EKurope, Russia, United States, and Japan. For 
the benefit of the non-geological reader the following table is given, in which is 
shown the order of succession of the geological eras, as affects this subject. 

By far the largest deposits of coal (chiefly humic or so-called bituminous) occur 
in the coal measures of the Carboniferous period. These deposits consist of an 
alternation of layers, varying in thickness, of shales, coal, clays, and sandstones. 
The depth of the layers or seams of coal vary from a few inches to many feet, and 


1 See monograph on the Constitution of Coal. H.M. Stationery Office. 
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the total thickness of the strata amounts to many thousands of feet ; for instance, 
the strata of some portions of the coal basin of South Wales is wpRenal of 10,000 feet 


thick. 


As indicated by the definition given at the beginning of this chapter, coal is 
derived from vegetable matter, and as the huge deposits of coal in the world must 


TABLE I 
Era. Period. 
Quaternary Recent Peat. 
| Phocene 
Cainozoic Miocene Coal, chiefly brown coal and lignite, found in 
or Tertiary orzsee England, U.S.A., Japan, Germany, Hungary, 
Kocene Russia, India, and Greenland. 
( Cretaceous Coal, lignitic, found in Alaska and Rocky 
Mesozoic Mountain region. 
or Secondary Jurassic Coal, found in Britain, Hungary, Russia, and 
Japan. 
Triassic Coal, found in Japan. 
Permian Coal, found in France, Saxony, and Bohemia. 
Carboniferous Coal, chiefly bituminous, found in Britain, 
India, Australia, South Africa, U.S.A., France, 
Germany, Brazil, Chili, Argentine, etc. 
Devonian— 
Upper Coal, bituminous, found in the Polar regions. 
Middle 
Paleozoic 
Lower 
4 ote Silurian 
Primary 
Ordovician 
Cambrian— 
Upper 
Middle 
Lower 





have required vast quantities of plant material for their formation, it 1s necessary 
for us to consider how these accumulated. Differences of opinion still exist between 
some authorities upon this subject, but these are being gradually cleared up by 
careful research, and the great majority of workers on this important problem are 
inclined to view the matter much in the same way as Stopes and Wheeler. Their 
line of thought in this direction is admirably shown in tabular form as follows :— 


COAL 3 


THE LEADING MODES OF ACCUMULATION OF COAL-FORMING 
VEGETABLE MATERIAL! 


A. In Sea WATER 


(1) Drafted land material, which may travel far, settling water-logged beyond 
the reach of mineral detritus. 


This would principally be :— 


(a) Tree trunks and logs, which may accumulate in large quantities. 
(6) “ Floating islands ”’ of various plants growing entangled together, generally 
very local. 


(1) Fucord alge, forming a shore accumulation (only one instance of a coal so 
formed is known, from Russia). 


B. In BrackisH WATER 


(i) In situ material, the droppings of coastal forests or mangrove-like swamps. 
(1) In situ lowly swamp or bog plants. 
(iii) Partly on situ and partly drifted from short distances in swamps. 
(iv) Bi, u1, ii, and Aji (a), 1 (6), mingled in any proportion. 


C. In FresH WATER 
(1) In undisturbed lakes :— 
(a) From the gross debris drifted in from neighbouring forests. 
(b) The pure “ plankton ”’ or microscopic life of the lake. 
(c) b, mixed with only the spores, pollen, and finer ultimate debris of higher 
plants. 
(d) Plants growing in situ, reeds, etc. 
(e) a, b, and c, mingled, or layered, in any proportion, may be layered with 
das the water-level changes. 
(ii) In estuaries, river bends, and deltas :— 
(a) Drifted material which may have travelled far; nearly all wood. 


(6) Drifted material from near at hand, therefore including soft leaves 
etc., as well as wood. 


(c) Floating islands. 
(d) Swamp or bog plants, on situ growths. 
(e) a, b, c, and d, mingled in all possible proportions. 
(1) In swamps formed over large areas, interspersed with lakes, am situ and 
drift material mingled. 


1 See monograph on the Constitution of Coal. H.M. Stationery Office. 
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D. On LAND 


(1) Highland moors of various types, “‘ mosses,”’ etc., moor-peats. 
(ii) Moorland peat and forest, mingled or alternating. 
) 


(i) Swamp peats—these merge with Cin. 
(iv) Dry forest floor accumulations. 


For the production of what Stopes and Wheeler term major coal-fields, “ changes 
of the surface level of the land successively repeating the favourable conditions for 
accumulation were necessary. Major coal-fields appear generally to have been 
formed under conditions B iv or Ci; but may have been formed under Bi, ui, i, 
or iv, Cior ui, or others, but could never have been formed by Ai, ii, C ib, C ic, C ue, 
or Div. These latter, and, indeed, all the modes of accumulation outlined above, 
may form minor coal-fields as well as isolated seams.” 

In order to give the reader some idea of the formation of a coal seam we will 
consider briefly what appears to have taken place during the Carboniferous period, 
in the deposits of which the greatest amounts of coal are now found. Geological 
researches indicate that this period was one of comparative quiescence, one in 
which terrestrial disturbances were at the very lowest. During this state geographical 
change was very slow indeed, and this would account for great uniformity of life, 
a condition which is borne out by the persistence of the same types of plant and 
animal fossils found in the deposits of this period. Those agencies which bring about 
change in land surfaces were able to prolong their course of action, and thus vast 
deposits of sandstones, limestones, shales, etc., were formed ; a very gradual levelling 
up of the land surface and a shallowing of the existing seas taking place. Eventually 
these conditions produced large tracts of low-lying land subject to inundation, 
which became covered with a growth of luxuriant plants. Thus commenced the 
coal measures epoch. Huge swamps were formed, in many cases inland and inter- 
sected by slowly running water-ways and in others in estuarine positions. 

Under the suitable climatic conditions then existing vegetation grew at a 
rapid rate and continued to flourish for very considerable periods, quantities of it 
dying and falling into the shallow water from time to time. Under the water this 
dead vegetation suffered partial decomposition and became a more or less compact 
mass upon which new plant life sprang up. This in its turn died, and so the process 
was repeated many times over. In cases of swamps intersected by water-ways 
or existing in an estuarine position, much floating vegetable debris was collected 
_ by the partially exposed roots of the larger plants and the tangled mass of the 
smaller types of vegetation. Eventually a pulpy mass of partly decomposed vege- 
table matter accumulated to a thickness of between 50 to 100 feet, or more. During 
this period the land was very, very slowly sinking, and this subsidence eventually 
becoming more rapid the area became covered with water too deep to allow of the 
existence of vegetable life. At this stage mud and fine sand were brought along 
and deposited over the compact mass of vegetable matter, either by running water 
or by marine agency, and this process went on for a considerable period, during 
which the land continued to sink. Eventually a time arrived when the subsidence 
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ceased altogether, or the sedimentary matter was being deposited at a greater rate 
than the sinking of the land, shallow lakes or seas were then formed, plant life began 
to reappear, first at the water edges and then to gradually creep towards the centre 
until the whole of the area of water became covered with vegetation. At the present 
state of geological knowledge it seems that by many repetitions of the processes 
just described the coal measures, with their large number of seams of coal and 
layers of sandstone and shale, were laid down. 

The following diagrams, produced by Prof. Bone,! are of particular interest at 
this point. 

The whole process of coal formation, so far as it is known to-day, may perhaps 
best be epitomised in some such provisional diagram as the following :— 


OUTLINE OF COAL FORMATION 
(0) 


Original material. 





Lignocelluloses. 
Vegetable proteins. 
Resins. 

(1) 

(a) (0) (c) 
FERMENTATION MACERATION : TRANSPORTATION 
in peat bog with by water and by water and 
evolution of gases. possibly also RE-DEPOSITION 
SEGRATION INTO :— elsewhere. 

(a) Colloidal solution (gels). 








(6) Insoluble matter. 


(2) 
(a) (0) 


BLANKETING EHARTH MOVEMENTS ~ 
under newer strata and producing 
CONSOLIDATING and DE-WATERING LAMINATED STRUCTURE. 
of Mass by Pressure. : 


(3) 
BITUMENISATION UNDER PRESSURE AND SLOWLY INCREASING ‘TEMPERATURE 


(a) Progressive De-watering. 

(b) Loss of CO, and H,O (Cellulosic Condensation). 

(c) Amalgamation of Cellulosic (Humic) and Protein Matter 
(Pressure—Distillation). 


It would thus appear that brown coals and lignites may be regarded as inter- 
mediate products between peat and bituminous coals. 


1 “ Brown Coals and Lignites,’’ Prof. W. A. Bone, F.R.S., Cantor Lectures, Jour. 
Royal Society of Arts, No. 3662, 26.1.23, p. 175. 
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| THe Woop to Coat Serres! 
0. Woody Tissue 


(Lignocelluloses) 
1. Peat Water =90 
(Quaternary) Combustible= 10 
Y j } 
2. Earthy { Water=40 to 50 = Woody brown 
brown (Coal =50 to 60 coals (Tertiary) 
coals 
(Tertiary) 
Y 
3. Laminated Lignites { Water=20 to 40 
(Chiefly Tertiary) (Coal =60 to 80 
Y 
4. Sub-Bituminous Coals Water=10 to 20 
(Chiefly Cretaceous Coal =80 to 90 
v 
5. Bituminous coals here 
(Mesozoic Carboniferous) Coal > 90 
W 
6. Semi-Bituminous Coals 
(Carboniferous) 
ay 2 
7. Anthracitic Coals 
(Carboniferous) 


From the careful researches of many eminent geologists and paleo-botanists 
we learn that coal was formed from a number of species of plants occurring in the 
following groups :— 

A. Thallophyta. 
B. Bryophyta. 

C. Pteridophyta. 
D. Gymnosperme. 


Groups A, B, and C belong to the Cryptogamic or lower division, and Group D to 
the Phanerogamic or higher division of the plant kingdom. 

In Group A (Thallophyta) occur the alge and the fungi, and these cellular 
Cryptogams, owing to their delicate structure, are not well adapted to be preserved 
in the fossil condition. On this account the absence of many classes of Thallophytes 
in coal seams is no ground for concluding that they did not exist during the periods 


1 ** Brown Coals and Lignites,’’ Prof. W. A. Bone, F.R.S., Cantor Lectures, Jour. 
Royal Society of Arts, No. 3662, 26.1.23, p. 174. 
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when these were in the stages of formation. That some types of coal were formed 
wholly or partly from alge is still an unsettled problem; Bertrand and Renault 
consider that some Boghead coals were formed almost entirely from the remains of 
a gelatinous alga, which they called Pala bibractensis. 

Fossils of the lower fungi (Bacteria) and of the higher fungi (Ascomycetes) 
have been found in the strata of the Carboniferous period, and it is most likely that 
these lowly forms of plant life assisted in the partial decomposition of the higher 
plants during the initial stages of coal formation. 

Under Group B (Bryophyta) are placed the mosses (Musci), which, when asso- 
ciated with other types of vegetation growing in a water-logged soil, form peat bogs, 
and it is quite probable that some of the brown coals of the Tertiary (Cainozoic) era 
were formed from peat. 

The plants of Group C (Pteridophyta) during the Carboniferous period formed 
the greater quantity of the land vegetation, and in this period they were at the stage 
of highest development. Quite a large number of species of ferns (Filicinee) occur 
in the strata of the Carboniferous period, and fossils of the fronds of many species 
are very frequently found. In the British coal measures the most abundant species 

re: Pecopteris and Alethopteris. In the class of the Equisetine the order Calam- 
ariee was abundantly represented, and some of these plants, which were like the 
horse-tail of our present-day ponds and swamps, grew to a height of 90 feet. Of 
the Lycopodine the two great extinct orders, the Sigillariez and the Lepidodendree, 
were abundantly represented. Plants of both these orders grew to large dimensions. 
Lyell, in his Elements of Geology, records the finding at Newcastle of a specimen of 
Sigillaria 72 feet in height. Fossils of Lepidodendron have been found, which when 
living were between 30 and 40 feet high. 

A small class of plants, the Sphenophylline, added its quota to the formation 
of coal, and it is of special interest to botanists and paleeo-botanists, as 1t occupies 
an intermediate position between the Lycopodine and the Hquisetine. 

Group D (Gymnosperms) is one of considerable interest, as it includes species 
of conifers (pine trees), very closely allied to those of the present day. The lowest 
conifer (family Araucariez) were apparently the most prevalent, and evidence 
that plants of the genus Pinus, which flourishes abundantly to-day, also formed 
part of the coal-producing flora exists in the fact that seed-cones of these trees have 
been found in coal deposits. 

The family Cordaites is most richly represented in the carboniterous deposits, 
and on account of their fossil remains being in such an excellent state of preserva- 
tion the morphology of this genus is almost as well known as that of the gymno- 
sperms existing to-day. These plants, when fully grown, were of considerable height 
and bore spikes of unisexual flowers. 

Other plants in this group, the remains of which are found in coal-bearing 
strata, are those of the families Cycadacez and Ginkgoacez, but these are far less 
common than those mentioned above. 
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CHAPTER II 
CLASSIFICATION AND CONSTITUTION OF COAL 


CoaLs vary very much in character, and this makes it convenient to divide them 
broadly into the following groups :— 


Brown Coals or Lignites. 

( Cannel Coals. 

| Bogheads or Torbanites. 
Humic or Bituminous Coals. 

Anthracite Coals. 


- Sapropelic Coals 


per dee er 


From a geological point of view the brown coals are considered to be of com- 
paratively recent origin, but it is not possible to draw a hard-and-fast line in this 
matter as coals of this description are found not only in the Cainozoic (Tertiary) 
era, but in the Cretaceous period of the Mesozoic era (Spain, N.W. America, and 
Vancouver). The same may be said of the other types of coal; for instance, bitu- 
minous coals are usually found in the coal measures of the Carboniferous period 
(Paleozoic), and yet coal of this kind occurs in the deposits of the Cainozoic 
(Tertiary) era; for example, that of the famous Miike mine in Japan. Again, 
semi-anthracitic coal is found in the Lias of the Jurassic period (Mesozoic era), in 
Hungary, when it usually occurs in the deposits of the Carboniferous period. 

The appearance and structure of the lignites vary very much. In some kinds 
there is a considerable quantity of what appears to be wood very little altered in 
form or structure; there are also fragments of bark and leaves, and the remainder 
of the coal is practically structureless. Other varieties are very fibrous and loose, 
and others are compact and contain earthy matter. Brown coals, on the other hand, 
show little or no woody structure, are more compact, and are as the name indicates, 
of a brown colour. 

The Sapropelic or Cannel and Boghead coals are very much alike in appearance. 
They are black or brown, dull of surface and, like anthracite, do not soil the hands. 
Also, they do not exhibit, except very occasionally, any definite vegetable structure. 
When broken they both show a conchoidal fracture. 

Bituminous coals are black, and are either of a more or less even brightness 
or of a mixture of dull and bright layers. Veins of iron pyrites or of other minerals 
often show themselves in the joint faces, and when these coals are broken they 
generally separate into rectangular pieces. 

The Anthracite coals are very hard, are black or brownish, and they have a 
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more or less metallic lustre. When broken they show a conchoidal fracture, which 
is characteristic. When handled they do not soil the fingers. 

Various schemes for the classification of coals based upon analytical results 
have been put forward from time to time, but not one of them answers the purpose 
from all points of view. The tables given below will give the reader some idea of 
the methods used. 

TABLE 2 


FIELD’sS CLASSIFICATION 






































Hass ae ae Panes ts 2 NE ee ee 
KIND OF COAL © * @ ps re) 5 © os 

2 2 =| = 2 f= io 5 = S oa 

eee sole lee ye 
Bituminous .. .. | 31-87 | 63-63 | 4-50 | 10-31 | 87-69 | 2-00 | 57 | 21-55 | 75-34 | 3-11 
Semi- Bituminous .. | 34:28] 61-78 | 3-94 | 10-00 | 88-50 | 1-50 | 63 | 21-40 | 74-66 | 3-94 
Partially Bituminous 33:80 | 61:26 | 4-94 | 10-00 | 88-13 | 1-87 | 17 | 20-43 | 76-12 | 3-45 
Anthracitous .. .s | 14-26 | 82:99 | 2-75 Olde] O2eL Tein 7 9-24 | 88-41 | 2-35 





























Anthracite .. os 9-00 | 81:00 | 10-00 | 2-18 | 95-69 | 1-50 | 21 | 7-24 | 90-12 | 2-64 





The late Professor Lewes! made for progress in the classification of coals by 
suggesting that the coking or non-coking power of a coal will depend upon the 
preponderance, in the first case, of resin bodies and hydrocarbons, and, in the second 
case, of humus bodies and residuum (carbon). He gives the approximate com- 
position of these bodies as follows :— 


Per cent. Per cent, Per cent. 

carbon. hydogen. oxygen. 
A. Residuum (carbon) . S00 —~ — 
B. Humus bodies . ; hee? 5) oD 
C. Resin bodies . ery oe ips, 11 10 
D. Hydrocarbons . 5 ee + —- 


From these figures the approximate composition of a coking coal or non-coking coal 
can be worked out, as the following examples will show. 
A coking coal in which resin bodies and hydrocarbons preponderate :—- 





3A+B+8C-+3D. 
C H O 
SA 300 = iss 
B= 62 ) 33 Carbon 88-7 per cent. 
3C — 237 33 30 — Hydrogen 5:0 9 
3D = 288 12 | Oxygen 6-3 
B87) 5 750 aloe 


This represents a South Wales coking coal. 


1 The Carbonisation of Coal, Vivian Byam Lewes. Benn Brothers, Ltd. London. 


CLASSIFICATION AND CONSTITUTION OF COAL 11 


‘sTeoo osnoy 
SV PUB SUISIVI-ULBO4S OF 
pesq ‘ApyQYysys oyvo 10 
Suyvoy UO 07BISOJUISTCT 
‘outey ssepoyouts AyIveu 
pue yioys B@ YIM Ung 
‘optusE = OF ATMO 
‘s[eoo SuLyoo 4seq el T, 
‘SulyBoYy UO eYyVD ‘ourey 
Ayouts ApS ys ‘yYysS1uq 
‘4104s 8 YIM uUIng 
“IOM 
Ayyiuits pues Supyeur-ses 
‘SULYOO OF posy “SurzeVoy 
uo 1030303 eyed pu 
ueqyfog *Z pue T sessRiD 
jo sjeoo oy} UvYyy sure 
quelyliq o10out e@ pue 
eyOuIs Sse] YYIM Ung 
‘s][BOO SULYVUI-Sses se 
On[VA Joly JQ ‘“Ssuryeoy 
uo ueyjoy ‘eure Ayouts 
‘suo, @ YIM uUINng 
[B09 seBes 1IOLIOF 
-Ul UB Sse JO soovUIN{ 
BULIZVIOGIOAGI UL posn oq 
ue) ‘“suUryeoy] UO 07R1904 
-UISI ‘ourtey Axyouts 
‘suo] @ YIM uUINng 


[eo jo Jajovreyp 























Aiopmod 
IO poqquay 
ATZYSITG | 06 OF ZS | &-6 7 0-6 
goedutoy| Z8 0} FL OL 0% 6 
qgoedutoo 
ATILey 
pues pexe)} FL 0989 | G6 09 F8 
snoiod 
AOA 
qnq “peyxeVy | 89 04.0) | €-8 27 9-2 
poyty 
AVY SIS 10 
AropMOg | 09 04 OG | GL 07 1:9 
WOTYRI[T4SIP 
ION uo IOMOg 
jo 9imjen Jel 3YOO JO | DATZVIOdVATT 
as eqUI01Ed 





























eyOVIYIUY 

002°6 04 0066 | OFT °F GET | 0-€ 09 G-G | 0-F 979. G-F | 6 OF 06 | “STeOO UBOT ‘¢ 
ourepy yoys 

009°6 °F 0086 | GE-T °F O€-T | G-¢ 04 G-9 | G-G 04 G-F | 16 07 88 | ‘STROO qey “pF 

0066 97 008‘8 O€-1 G-G 03 0-IL| ¢-G 94 0-¢ | 68 OF #8 sjeoo yey *g 
OUIv] SUOT 

008°8 97 00S°8 | 9E-1T 99 8Z-T | OL 94 Z-FI| O-E 04. 8-E | G8 OF 08 | “STROOD 4eq °Z 
ouLeyy SUOT 

00¢*8 94 000‘8 Go GT 04 G-61| GF 04 G-G | 08 07 OL | ‘STeoo Arg *T 

uss AXO udasOIpA FT uoqiep 


SOTLOTRO 
TOMO IGMOlVO 





AYABLY OYTDIdg 





SSBIO 





INAD Yad NOLWISOdWop 





NOILLVOLAISSVT)) SdH NOWY) 


& WIAVL 





COAL TAR DISTILLATION 


12 












































(snouruinziq | (snourumngiq | (snourungiq 
— — -ered-qns) -OY}10-qns) -ejour-qns) 
dIqloBIyQUeB orplowryyUue o1yroerygue | SnoeovuOqies | oTZLlOBIYQUe 
-opnesg -opnoesg -opnoesg -qng -OUWO oIpOBIyyUy 0-- Jopug 
(snourumnyiq | (snourutngrq (snourarny1q 
-eied-qns) -OY440-qns) -eqyour-qns) 
— — snosovuoqie9 | SnosovUOq ied | SnOedBUOG ABO | sSNOsDRUO GAO oPLlOBIYZUB 
-opnosg -opnesg -opnesg -OUJO -TULO.S snosoevuoq sey G:F 04 0-F 
SNOT UST] SnorqIUsT] snoururnyiq snouruinyiq snourumn4y1q | snourumny1q snourumnyz1q 
-Oy}.10-qng -ByoUI-qng -ernd-qng -OYj40-qng -eyour-qng - TULOS-OYAQ —- TUTE y 0:¢ 03 GF 
SNOTPIUS TT SNOT}IUST] snoururnyiq snoururny1q snourumn4yrq snoulurnytq 
-O4VWIO -@19T -B18 J -O4HMO -84 0] -opnoesg —- snourlumM yg 8-G 03 0-e 
snoururnyiq snoururny1q snoururnyiq 
SNOTPIUST[-1Og -ered-1og -OY410-19q -84OUI-10q 
-OWWO | -B1 90] -B1Bq -OUVWO -BYOJ = -— snouturmMyiq-19g | g-¢ aao 
— ‘qgue0 aed 
SNOM UST snouluingig snosovuoqiey | o4loRiyquy snues) ueso0IpA Fy 
0-GL 94 0-08 | 0-08 04 0-48 0-78 97 0-48 | O-L8 94 0-68 0:68 °F ¢ 16 G16 OF &:&6 oO 4640) "queo red uoqae/) 



































NOILVOLMISSVT) SHH TARG 


v ATAaViL 


CLASSIFICATION AND CONSTITUTION OF COAL 18 


A non-coking coal with excess of humus :— 


ARe2 B+ Gaal). 
C H O 
Ao cS 100 — = 
2Bies 124 10 66 Carbon 79-8 per cent. 
C = 79 i 10\ _ )Hydrogen 5:0 ,, 
Lee 96 4 = 


| Oxygen Ly aes 
399 25 76 
This represents a South Staffordshire coal. 

The interested reader is referred to a very important paper dealing with the 
coking propensities of coal by Professor W. A. Bone, F.R.s., Mr. A. R. Pearson, M.sc., 
Mr. E. Sinkinson, B.sc., and Mr. W. E. Stockings, m.sc.4 

In Chapter I it was explained that coal is derived from various species of plants, 
and as a preliminary to a concise survey of what is known of the constitution of coal, 
the substances which go to build up the plant structure or play some special part 
in its life-processes will be considered briefly. A plant is, broadly speaking, a mass 
of cells, the walls of which are constructed of cellulose and its derivatives, and these 
will be dealt with first as under :— 

Cellulose (C,H,,O;)n. This material is not easily oxidised, and it offers corsider- 
able resistance to dilute alkaline oxidising agents, but when oxidation is brought 
about oxycelluloses and soluble products of low molecular weight (carbon dioxide 
and oxalic acid) are produced. When submitted to the action of specific micro- 
organisms cellulose is broken down chiefly into hydrogen, methane, carbon dioxide, 
and fatty acids. If subjected to temperatures above 250° C., the cellulose molecule 
is decomposed into a number of substances, the nature of the decompositions being 
extremely complex. Some of the materials formed are: Carbon monoxide and 
carbon dioxide, acetic acid, methyl alcohol, acetone, furfural or furfuraldehyde and 


tar, and charcoal. CH—CH 
The structural formula ie 0) 

for furfural is : Cres H 

CO 


Ingno-cellulose (probably C.,H.,(CH;),0,5). A compound of cellulose and 
“lignone”’ (a group of ketone bodies). The presence of the lignone groups in the 
ligno-celluloses renders these bodies very easy of attack by oxidising agents, and 
also to slow oxidation by the oxygen of the atmosphere. The ligno-cellulose complex 
is more resistant to bacterial action than cellulose. 

The ligno-celluloses possess the property of acting upon a photographic plate, 
in the dark, producing definite pictures.2 This action takes place slowly at ordinary 


1 “The Resinic Constituents and Coking Propensities of Coals,” Proc. Roy. Soc., 
1922, A100, 582-598. See also Gas World, Coking Section, April Ist, 1922, pp. 16-20. 

2 W.T. Russell, Phil. Trans., B. 197, 281, 1904, and Proc. Roy. Soc., B., 75, 385, 
1906, 80, 376, 1908. 
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temperatures, but at 50-55°C. becomes comparatively rapid. On destructive 
distillation products very similar to those yielded by cellulose are obtained. 

Pecto-celluloses. SSome workers consider these substances as forms of soluble 
ligno-celluloses. They are more readily soluble and much easier to decompose than 
the other constituents of plant cells. Pecto-cellulose occurs in quantity in unripe 
fruits. 

Cells of plants contain a variety of substances, the chief of which will now 
receive consideration. 

Protoplasm. This is the living material of plant cells, and is more or less fluid 
in nature. It is in all probability a complex of substances which when dead exhibit 
the properties of the proteids. It contains the elements carbon, hydrogen, oxygen, 
nitrogen, and sulphur. In nuclear protoplasm the element phosphorus occurs also. 

Aleurone or Proteon Grains. These are protein substances which occur in the 
cells in the form of solid grains, and they constitute the reserve food-material of 
the plant in connection with nutrition. 

Starches (Polysaccharoses) (C,H,,0;)n, and Sugars (Monosaccharoses) C,H 4.04, 
and (Disaccharoses) C,,H..0,,. These substances belong to the carbohydrate 
group of organic compounds. 

Starch is intimately connected with the nutrition processes of plants, and it 
is found in plant cells in the form of grains, being most abundant in those parts 
of the plant which serve as store places of reserve material. 

The sugars are found in plants dissolved in a watery fluid called cell-sap, and 
like starch they play a part in plant metabolism. Both starch and the sugars when 
treated with mineral acids of certain strengths yield substances of a brown colour 
known collectively as ulmins. } 

Chlorophyll. The green colour of certain portions of plants is due to 
this material. It occurs in the chloroplasts of young cells, and it plays a very im- 
portant part in the metabolism of plants. Chlorophyll is actually a mixture of 
Chlorophyll-a, (C3,H,,>0N,Mg)(COOCH;)(COOC,,H;,)+4H,O, and Chlorophyll-b, 
(C3,H,,0,N,Mg)(COOCH;)(COOC,,H3,). The presence of the element mag- 
nesium in these substances should be noted particularly ; it possibly accounts 
for some of the magnesia found in the ash of fusain, vitrain, and particularly clarain 
(see page 53). 

Two other colouring matters are found in the chloroplasts, one is of a coppery 
colour, and is called carotin. It is‘a hydrocarbon of the formula C,)H;., and is 
identical with the substance which gives carrots their colour. The other is known 
as xanthophyll, a substance of a dark brown-red tint of the composition C,)H;,0.. 
It appears to be an oxidation product of carotin. 

Resins. These substances occur in many cells in various forms, they have no 
uniformity of constitution, and they present wide differences in chemical character. 

For our purpose Colophony may be taken as an example. This substance is 
present in large quantities in the turpentine obtained from various species of Pinus 
(pine trees). It consists chiefly of a, 8, and y abietic acids C,,H,,0; (Maly) ; 
C,)H;,0. (Fahrien); C,,H,,0, (Stope and Wheeler’s monograph); with about 
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10 per cent. of resenes. It should be noted that Maly’s formula is the one now 
generally accepted. Colophony is a brittle, almost transparent substance, with a 
vitreous lustre, and it varies in colour from a very pale straw to a dark brown-red. 
It is interesting to note that the late Dr. W. J. Russell found resinous substances 
extracted from wood possessed the power to produce pictures when exposed to a 
photographic plate in the dark, and that para-abietic acid was particularly active 
in this respect. 

When rosin is submitted to destructive distillation, gas, water, and acetic acid, 
light oil, heavy oil, and pitch are obtained. The gas is composed chiefly of carbonic 
oxides and olefines, the light oil contains olefines, limit hydrocarbons, terpenes 
(C,,H,,) and turpinol [(C,,H,,),H,O], and the heavy oil, terpenes, naphthenes, 
and hydrocarbons of the benzene series, e.g. toluene, xylene, etc. 

Fatty or Fixed Oils. These substances as they occur in plants are mixtures 
of the glycerol esters of the fatty acids. As an example of a glyceride we may take 
triolein [C,;H;(OC,,H,,0)s]. 

If triolein is destructively distilled under pressure gases are given off and a 
distillate obtained which contains: (a) limit hydrocarbons (paraffins) C,H.,+s, 
type, methane, CH,; (b) hydrocarbons of the ethylene series C,H,,, type, ethylene, 
C,H,; and (c) naphthenes (hydrocarbons of the hydro-aromatic series), C,H,,, 
CH,—CH, 
CH,—CH, 
which contains waxy bodies probably of the paraffin series. 

The destructive distillation of the lime soap of menhaden oil, a fish oil, yielded 
a distillate which contained hydrocarbons of the ethylene series, and aromatic 
compounds, such as benzene, toluene, and the xylenes. 

Cholesterol C,,H,,OH. This substance occurs in the green cells of plants, and 
it probably functions in the metabolic processes.!. It is a solid alcohol, 
which crystallises from chloroform in the form of needles. On submission to destruc- 
tive distillation hydrocarbons are formed. 

Tannins. These substances occur in the cortical cells of plants, and according 
to their origin they vary in composition and properties. Usually the tannins are 
combined with glucose [CH,OH (CH OH),CHO}], and upon hydrolysis yield this 
substance and gallic acid [C,H,(OH),COOH]. 

Pectin Substances. These substances occur in many fruit juices and also in 
the stems, roots, and other portions of plants. They are coagulable, and when 
hydrolysed yield pentoses (C;H,)0;) and hexoses (C,H,,0,), members of the mono- 
saccharose class of the carbohydrates. 

Inorganic Salts, such as nitrates, sulphates, and phosphates, occur in the cells 
of plants. 

Bark is a mass of dead tissue, which lies outside the active cork-cambium of 
the plant. It usually contains tannin compounds, and sometimes resinous substances 
and esters of the fatty acids. 

Cork consists of a number of layers of suberised cells, some of which have thin 


1 A. Tschirch, Ber. d. deutsch. Bot. Gesell, 1904, p. 419. 


type, cyclo-hexane, CH,< >CH,. There is also a pitchy residue 


16 COAL TAR DISTILLATION 


-walls and others thick walls. The former cells generally contain air, and the latter 
often a reddish brown substance (phlobaphene), which consists mainly of tannins 
and their derivatives. 

It will be of interest at this point to consider what is obtained from wood when 
it is submitted to destructive distillation. The nature of the distillates vary some- 
what according to the kind of wood distilled ; for instance, in the distillates from 
resinous woods, terpenes and small quantities of resin occur, these substances being 
absent from the distillates of other types of wood. 

Upon destructive distillation wood yields the following : (a) gas, (b) acid water, 
(c) wood tar, (d) charcoal. The gas consists of a mixture of carbon dioxide, carbon 
monoxide, methane, ethylene, hydrogen, nitrogen, and a trace of oxygen. The 
acid water contains chiefly, acetic acid, acetone, and methyl alcohol. Upwards of 
thirty different compounds have been identified in wood tar, and among these are : 
trimethylamine, pyrocatechin, benzene, toluene, xylene, cumene, cymene, chrysene, 
phenol, cresols, xylenols, guaiacol, and higher paraffins. 

If the assumption that coal is of vegetable origin is correct then it is reasonable 
to expect to find in this material evidence in the form of preserved plant remains, 
and also their degradation products. Although the plant tissues will have undergone 
profound changes in the process of formation of coal, it is certain from experimental 
evidence, to be referred to later, that some portions exist in the coal in the unaltered 
state. It must not be imagined that in the alterations which have taken place all 
the substances just mentioned (pages 13-16) in connection with the breaking down 
of cell constituents and contents, have been formed, or that they all exist in coal. 
Without doubt some of them do, such as carbon dioxide, methane, and certain of 
the higher solid paraffins, ulmins, etc. A study of them is instructive, however, 
in connection with their occurrence in the tars resulting from the destructive dis- 
tillation of coals, and also in regard to the methods of arriving at the constitution 
of coal. 

There are no cases on record in which the original vegetable matter has been 
found unchanged, and it is hardly likely there ever will be, but in one or two excep- 
tional instances coal of the Paleozoic era has been found in which the original plant 
material is so little changed that 1t may be recognised with ease. A well-known 
case is that of Toula coal (Papier-kohle) from the Tovarkovo mine in Central Russia, 
described by Renault.t This coal occurs as a separate seam in the mine just men- 
tioned, and it appears to consist almost entirely of sheets of bark, finely striated, 
of a carboniferous tree called Bothrodendron. 

In regard to the lignites and brown coals, it is comparatively easy to identify 
plant remains in these materials. The brown coals are composed chiefly of the 
remains of mosses and the lignites of plants of the Angiosperm class, and in formation 
the former resemble dry peat in the hard, compact state, and the latter are very 
similar to the forest beds of Sweden and Scotland, but in a more advanced state of 
change. 


1 “Note sur les cuticules de Tovarkovo,” Bull. Soc. Hist. Nat Autun., Vol. VIII, 
Proc. Verb., p. 136, 1895. 
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In the unstratified clay deposits (under-clays) which often occur immediately 
below coal seams, fossilised rhizophores, and rootlets of several of the Paleeozoic 
Lycopods, portions of fronds of fern-like plants (Alethopteris lonchitica, Neurop- 
teris gigantea), stems and roots of Calamites, and also leaves and spikes of Cordaites 
are very frequently found. 

Some of the seams of coal in the Lower Coal Measures of Lancashire and York- 
shire contain peculiar calcareous concretions called “‘coal balls.’’ Inside these nodules 
are found remarkably well-preserved plant remains, and, owing to the ease with which 
they can be identified and their anatomy studied, they have contributed very 
largely to the progress made in working out the botany of the Carboniferous period. 

Trunks and stems of trees and also bases of trunks with rhizophores attached 
are frequently found, sometimes in an upright position, in the sandstones and clays 
of the coal measures. Examples occur in many parts of the world; for instance, 
in the Scotch and South Lancashire coal-fields, and those of Belgium, France, 
Germany, and Nova Scotia. In Britain a fine specimen is preserved in the Victoria 
Park, Glasgow, and another found at Clayton, near Bradford, is in the Manchester 
Museum. In some of the preserved hollow trunks of Lepidodendra small conical 
bodies have been found from time to time. These bodies are known as Lepidostrobi, 
and have been shown by Sir J. W. Hooker to be the fruit of the tree itself. 

Plant impressions in the coal itself, say between the bedding planes, are very 
rarely found ; there are a few cases on record both in this country and on the Con- 
tinent. The author has seen a specimen showing an impression of a piece of Sigil- 
larian bark. | | 

So much for macroscopical evidence of plant remains in coal formations. What 
does examination under the microscope tell us ? 

As an introduction to this part of our subject the reader’s attention is called 
to the fact that on making a very cursory examination of any lump of bituminous 
coal it will, in almost every case, show a banded appearance, the bands or layers 
being alternately bright and dull. Now Stopes, after careful examination, dis- 
tinguishes, not merely bright and dull bands, but four distinctive portions or bands 
which together form the mass of an ordinary bituminous coal. These different 
bands can be seen by the naked eye and also microscopically in thin sections of coal, 
and with care and patience they can be separated by hand. They exhibit various 
differences in character, and under the microscope markedly distinct features are 
seen. Provisionally, Stopes named these four bands as under :— 


(a) Fusain. The equivalent of ‘‘ mother-of-coal,”’ “‘ mineral charcoal,” etc., 
of various authors. 

(b) Durain. The equivalent of “dull” hard coal of various authors; the 
“ Mattkohle ” of the Germans. 

(c) Clarain. | Together the equivalent of “ bright ” or “ glance” coal of various 

(d) Vitrain.{ authors; the “ Glanzekohle” of the Germans. 


It is a very difficult operation to prepare a thin section of coal, so that it can 


1 Proc. Roy. Soc., 1919 (B.), 90, 470. 
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be examined under the microscope by transmitted light. The process is a tedious 
one, and requires special technique. Among those who have made a special study 
of this method of examining coal are Lomax, Jefirey, and Thiessen. The history 
of the development of the microscopic study of coal is dealt with in an excellent 
manner by White and Thiessen in a memoir! which contains many microphoto- 
graphic illustrations. Jeflrey? and Lomax have? also contributed to the literature 
dealing with the microscopic examination of coal. J. J. Stevenson,+ between the 
years 1911 and 1913, published several important works dealing with the formation, 
structure, etc., of coal, and he states: “‘ One quickly discovers that intimate struc- 
ture of coal can be ascertained only by aid of the microscope, since to the unaided 
eye the great mass of coal is wholly structureless.” 

It appears that the microscopic investigation of coal first received attention 
in the year 1833 by H. Witham, this worker undoubtedly being the pioneer in 
microscopic work on coal. When one bears in mind the difficulties at that time 
in regard to obtaining satisfactory instruments, it 1s remarkable what good work . 
was done by this worker. From sections which he made of Bovey coal he, so he 
states, observed “‘ an indistinct resemblance to coniferous structure ’’ made evident 
by the appearance “in parallel series of square or hexagonal marks.”’ 

Later in 1838 Frederick Link was able to confirm the discoveries made by 
Witham and also those of Hutton (1834). It appears that in order to render his 
coal fragments more transparent for microscopic study he boiled them in kerosene 
or rectified petroleum, and he made accurate drawings of what he observed under 
the microscope. Link applied his results to a theory for the origin of coal, and 
came to the conclusion that coal originated from peat on account of the presence 
of plant remains in it. 

Following Link, Petzholdt (1841) carried out some work on mineral charcoal, 
now know as fusain, and from his observations came to the conclusion that this 
material and therefore coal was made of the remains of decomposed plants. 

In the year 1842 Phillips ashed a Staffordshire coal, and on making a micro- 
scopical examination of this ash he found vegetable or plant tissue skeletons. 

Among much other work on coal, Dawson, who published his first work on this 
substance in 1846, carried out a considerable amount of investigation on the so-called 
‘“mother-of-coal ”’ (fusain), and in 1883 identified in this material the recognisable 
remains of wood cells belonging to many plant genera which contributed towards 
the formation of coal. Among these may be mentioned the Sigillaria, Lepidodendron, 
and the Cordaites. This worker in a large number of cases treated the fragments 
of fusain by chemical means before examining under the microscope. This method 
of preparing coal for the microscope was used by Schulze, who, in 1855, published 


1 ** The Origin of Coal,” U.S. Bur. of Mines. Bull., 38, p. 227, 1913. 

2 ** Methods of studying Coal,”’ Conspectus, Vol. VI, No. 3, 1916. 

3 **The Microscopical Examination of Coal,’ Trans. Inst. Mining E'ng., Vol. 42, 
Part 1, pp. 1-20. See also Trans. Inst. Mining Eng., Vol. 46, Part IV, pp. 592-635. 

4 “* Formation of Coal Beds,” Proc. Amer. Phil. Soc., Vol. 50, 1911, pp. 1-116, 519- 
643; Vol. 51, 1912, pp. 423-553 ; Vol. 52, 1913, pp. 31-162. . Also book, publ. New Era 
Co., Lancaster, U.S.A., 1911-1913. 
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a paper in which he described his method. The solution he used, known under the 
name of Schulze’s solution, is a mixture of nitric acid and potassium chlorate. One 
method of making this solution is to take nitric acid of a specific gravity of 1:2 
and add to it about 2 per cent. of potassium chlorate. If this mixture is used cold 
then the coal fragments must be left in it for several hours before they are ready, 
but if it is gently warmed until gas is freely given off then five minutes to a quarter 
of an hour is sufficient time for immersion. The fragments are then removed from 
the solution, washed first with water and then with ammonium hydroxide, and 
finally with hot alcohol, after which they can be mounted for examination. 

In the year 1870 Huxley, in an article entitled “‘ On the Formation of Coal,’’! 
indicated that the coal of the “ Better Bed,” occurring in Bradford district, York- 
shire, was composed chiefly of sporangia and spores. Later, in 1874, Williamson? 
pointed out that what Huxley called sporangia were actually megaspores. Since 
this period a considerable number of varieties of megaspores (and also microspores) 
have been found in British coals and those from other countries. 

Among other workers on the microscopic investigation of coal may be men- 
tioned Tieghem (1879), Renault (1881-1900), Fischer and Riist (1883), Bertrand 
(1892), Potonié (1904-10), and Barsch (1908). 

In 1908 Stopes and Watson® investigated the microscopic structure and origin 
of concretions of mineralised plant debris found in the mass of certain coals and 
known in general terms as “ coal balls” (see Fig. 4). There seems little doubt that 
these petrified masses were formed in the debris from which coal emanated after its 
accumulation, and were not transported at some later date to the spots at which 
they are now found. 

“Coal balls’ from almost every deposit in which they occur contain remark- 
ably well-preserved plant remains, and in such a small section as 5 inches by 3-5 inches 
cut from one of these concretions there may be fifteen or more fragments of lepido- 
dendron, calamites, myeloxylon, and fern petioles. In these nodules rhizophores 
and roots of the plants just mentioned and of other carboniferous plants are often 
found in abundance. Much of the plant remains is in a partly decomposed con- 
dition, and generally a large quantity of a brown substance, devoid of structure, is 
found. The presence of this material is especially in evidence in those cases in which 
most of the softer portions of the plant remains have disappeared, and only the more 
resistant portions (xylem, cork, etc.) have been left. 

In addition to plant remains, “coal balls’ are composed of mineral matter, 
such as calcium, magnesium, and iron carbonates with small amounts of calcium 
phosphate and with varying quantities of clay, shale, or sand. Analyses, by Stopes 
and Watson, of some of these nodules showed calcium carbonate varying between 
49-35 and 91-09 per cent. and magnesium carbonate up to as high as 42-82 per cent. 


1 Contemporary Review, Vol. 15, pp. 618-629, 1870. 

2 “On Coal and Coal Plants,” MacMillan’s Mag., Vol. 29, pp. 404-417. London, 
1874. 

3 **On the Present Distribution and Origin of the Caleareous Concretions in Coal 
Seams, known as ‘ Coal Balls,’’”’ Phil. Trans. Roy. Soc., Lond. Ser. B., Vol. 200, pp. 167-218. 
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Iron pyrites was also found by these workers in amounts up to 3-27 per cent.. They 
vary very much in size from minute nodules to bodies a number of feet in diameter. 
A very large “ coal ball’’ weighing about two tons was found in a mine at Shore ; 
so large, in fact, was this concretion that it almost completely cut out a coal seam. 

It is very probable that “‘ coal balls ”’ were formed at a very early stage in the 
history of the coal seams in which they are found. As stated by Moore,? “ in addition 
to the preservation of the plant structures . . . the vegetal matter has been squeezed 
down around the balls while they have been scarcely compressed. They must have 
been in existence before the compression of the vegetal matter occurred, and the 
presence of slickensides shows that the coal and accompanying rocks were squeezed 
around them. It is eae reasonable to suppose that these concretions were formed 
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on the bottom of the marsh in which the vegetal matter grew, and that they may. 
have originated by the action of alge or other low forms of plants causing precipita- 
tion of calcium carbonate, as many calcareous concretions originate at the present 
day. As they grew, fragments of plants came in contact with them and were en- 
closed.”’ 

In 1910, Jefirey published a new and satisfactory method of his own discovery, 2 
- which enabled him to cut pieces of coal into thin sections with a microtome. This 
process did away with the necessity of grinding down in order to form thin sections, 
and seemed to have in its favour the fact that a large number of sections could be 
cut from the same piece of coal. It necessitated, of course, the softening of the 
piece of coal on the one hand, and the removal of the mineral matter contained 
therein on the other. For particulars of the methods used the reader is referred 

1 Coal, tits Properties, Analysis, Classification, Geology, Extraction, Uses and Dis- 
tribution. London, Chapman & Hall, Ltd., 1922. 


2 “The Nature of some supposed Algal Coals,” Proc. Am. Acad. of Arts and Sci., 
Vol. 46, pp. 273-290. 1910. 


CLASSIFICATION AND CONSTITUTION OF COAL 21 


to the original paper. Jeffrey’s microscopical investigations proved without doubt 
that coal is formed from plant remains. 
A series of interesting papers illustrated with a number of microphotographs, 








Fic. 2.—TRANSVERSE SECTION. OF A SMALL PORTION 
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Showing the intimate association of different types 
of substances composing it. The squarish cells are 
‘““wood elements’ (tracheids) with lignocellulosic 
walls, much thicker in the region of the autumn wood 
a than in the elements formed earlier in the year. A 
single tracheid on the right is enlarged to show the 
relation of the ‘‘ middle lamella” (ml) to the ligno- 
cellulosic wall /. In the diagram, rt are tracheids filled 
with resin spools. The medullary rays (m) contain 
protein substances, and also may contain resin. 
(Magnified about 100 diameters.) 


(Courtesy Dr. M. C. Stopes and H.M., Stationery Office.) 
showing that coal contains well-preserved and numerous plant tissues, were pub- 
lished by Lomax between the years 1911 and 1915. 
In the year 1913, White and Thiessen published an exceedingly valuable memoir 
on coal, and a large section of this work is devoted to the microscopical side of the 
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question. Thiessen deals with this section, and illustrates his text by a large number 
of microphotographs, all of which prove decisively that coal is of vegetable origin. 
This worker improved upon Jeffrey’s method of section cutting with a microtome, 
but in the preparation of his coals for microscopical examination he used the modified 
Jeffrey method, and also a method of grinding down to form thin sections. He 
dealt microscopically with the following coals: lignites, sub-bituminous, cannel, 
and bituminous coals. His chief conclusions were that in the case of lignites, these 
consisted of the most complex debris of all coals; that in regard to cannel coals 
the “ alge,” which Bertrand and Renault considered they were composed of, did not 
exist, and that these coals are composed mainly of spores ; that the older bituminous 
coals are more complex in substance than the cannels, and to an extent comparable 
with the lignites though “ there is a gradual loss of wood as one goes from the lower 
to the higher grades.” He further concludes that “all coal was laid down in beds 
analogous to the peat beds of to-day,” and that “coal .. . is chiefly composed 
of residue consisting of the most resistant components of plants, of which resins, 





Fig. 3.—Di1aGRAM oF VERTICAL SECTION OF 
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(e) Showing the Cuticle layer. 
(c) Common to them all. 
(t) Inner tissue of the leaf. 


(Courtesy Dr. M. C. Stopes and H.M, Stationery 
Office.) 


resin waxes, waxes, and higher fats, or the derivatives of the compounds composing 
these, are the most important.” 

Among the microphotographs prepared from coal by Thiessen are to be found 
one showing megaspores on which the air sacs and tri-radiate lines can be seen, 
another in which practically undamaged spores are visible (from a Pittsburg coal), 
another showing flattened spores with xyloid tissue, and another, prepared from a 
bituminous coal, showing numerous particles of resin. Jeffrey during his investiga- 
tions made sections of cannel coal, and produced a microphotograph from a section 
of this coal which showed that it consisted practically of flattened spores. 

Attempts have been made to obtain photographs of the surfaces of various 
coals, using oblique or vertical illuminations, and Winter! published some micro- 
photographs prepared by this means, showing indications of cellular structure. 

White® pointed out the presence of resins in coal, and showed microscopically 

* H. Winter, “‘ Die mikroskopische Untersuchung der Kohle im auffallenden Licht.” 
Gliickauf, Vol. 49, pp. 1406-1413. Pl. V. Essen, 1913. 


> “ Resins in Paleozoic Plants and in Coals of high rank.’ Professional paper 85, 
Part E, U.S. Geol. Survey, pp. 66-83, Pls. 9-14. Washington, 1914. 
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“ thread-like rods of what appeared to be resins in such positions that the conclusion 
seems demonstrated that they represent the fillings of the ‘ gun canals,’ so often 
anatomically described from microscopic sections of the genera of coal measure 
plants known as petrifactions.”’ 

Stopes and Wheeler have carried out a very considerable amount of microscopic 
investigations on coal, and much of this very valuable work is recorded in their 
monograph on the Constitution of Coal.t This work is illustrated by two diagrams 
and seventeen very excellent microphotographs, and some of these are reproduced 





Fic. 4.—TRANSVERSE SECTION OF A ‘“‘ COAL BALL.”’ 


Containing Pteridosperm rootlet tissues nearly perfectly 
petrified. 


(Courtesy Dr. M. C. Stopes and H.M. Stationery Office.) 


in Figs. 1-10. These workers point out the great difficulty surrounding the identifica- 
tion of plant remains in coal sections, and state “‘to one unaccustomed to fossil 
plants, and inexperienced with the microscope, a ‘recognisable’ plant fragment 
must be startlingly perfect and conspicuous, or it would not stand out from the 
confused debris and catch the eye.” They have accomplished the separation of the 
individual wood vessels from lignite artificially by the use of chemical solvents and 
watched under the microscope “ lignified walls, with their characteristic pitting, fall 
apart and lie separately, each from each, as the middle lamellz dissolved.” From 
this experiment they conclude that it shows some indication of “‘ what must have 
happened many times during the processes of coal formation, and may account for 
the number of more or less isolated clear-walled (not carbonised) wood elements 


to be found scattered in coal.” 
“* Mother-of-coal,”’ ‘‘ carbonised wood,” or fusain, as it is now called, is the 


1 ** Monograph on the Constitution of Coal.” H.M. Stationery Office, 1918. 


24 COAL TAR DISTILLATION 


dull charcoal-like substance which is found in practically all coal, particularly on 
the bedding planes. It contains plant tissues, but in a more or less disintegrated 
state. As already mentioned on page 18, Dawson was able to recognise plant 
remains in this material. 

In the opinion of Stopes and Wheeler, cork is an important constituent of coals, 
and they have found very frequently in ‘“‘ coal balls’ well-preserved cork layers. 
Hickling,! in a paper read before the Manchester Geological and Mining Society, 
stated that in his microscopical observations on coal the great majority of preserved 
structures he observed were cortical tissues. 

Cuticles of plants in the preserved state occur very frequently, and Stopes 
and Wheeler state ‘‘in nearly all coals, such sheets or smaller fragments of them 





Fic. 5.—SECTION OF A MACROSPORE FROM 
ENGLISH BITUMINOUS COAL. 


The thin black line in the spore represents 
the collapsed, once nearly spherical space of the 
spore. (Magnification 30 diameters. ) 


(Courtesy Dr. M. C. Stopes and H.M. Stationery 
Office.) 


(of cuticle), are very common and generally lie horizontal with the bedding plane 
of the coal.”” White and Thiessen, Lomax, Grand’Eury, and others confirm the 
presence of cuticles in coal. 

Spores, spore coats, seeds, soft-walled tissues, and other portions of plants 
have been found in coal upon microscopic examination, chiefly by the workers who 
have already been mentioned in this section of the chapter. 

Comparing vitrain, which is very bright in its appearance, and clarain, the lustre 
of which is somewhat subdued, with durain, Tidswell and Wheeler? state ‘‘ from 
chemical examination alone, one might be tempted to say that durain is durain 
because it is rich in ash; but it is clear from the work of Stopes that the decisive 
factor affecting the lustre is the presence or absence of plant structure.? No doubt 

1 ** Micro-petrology of Coal,’”’ Coll. Guard., Vol. 113, pp. 941-948. London, 1917. 
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3 See also D. B. Dowling, ‘ The Formation of Coal,” Proc. Trans. Roy. Soc., Canada, 
Vol. 4, pp. 23-35. 1910. . 
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there is a direct connection between the ash content of a coal and the presence of 
plant remains therein.” 

This does not mean that vitrain and also clarain are not the products of the 
decomposed vegetable matter, for even plant remains have been detected micro- 
scopically in these two constituents of banded coal, but in small quantities only. 
Stopes and Wheeler! state ““. . . in our own experience the ‘ bright’ bands show 
the better preserved tissue, which, however, may be masked by a uniformity of colour 
in the section.” 

Seyler? also points out that ‘“‘ bright’ coal on microscopic examination shows 
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Very much enlarged, single tracheids from the 
apparently unorganised mixed debris forming a con- 
siderable part of ordinary bituminous coal. (Magnifi- 
cation 300 diameters. ) 


(Courtesy Dr. M. C. Stopes and H.M. Stationery Office.) 


the remains of woody tissue. In this connection it is interesting to note that by 
heating clarain with concentrated nitric acid containing a little hydrofluoric acid, 
A. Baranovand W. Francis* obtained a moderately light brown solution and residue 
of transparent fragments. This residue amounted to between 5 to 10 per cent. 
by weight of the coal treated and consisted chiefly of fragments of cuticles with a 
few broken spore exines. 

Although not actually concerned with the microscopic investigation into the 


1 Monograph on the Constitution of Coal. H.M. Stationery Office, 1918. 
* Boulton’s, Practical Coal Mining, Vol. 1, p. 67. London, 1907. 
3 “* Banded Bituminous Coal,’ Fuel, 1922, 1, 219-222. 
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constitution of coal, but rather with its formation, it is interesting to note that several 
species of bacteria have been identified in coal sections. To the biologist it is well 
known that in the first processes of decay microdrganisms play an important part, 
and it is quite certain that when plants of the coal age died and fell they were attacked 
by those species of microérganisms which assist in the disintegration of plant tissues, 
and their activities continued until the decaying material became too acid for their 
existence. Different species of microérganisms have the power of decomposing 
protein bodies, fats, sugars, starches, ligno-cellulose, and cellulose. Plant tissues 





Tangential section through the mesophyll (soft tissues) 
of leaves in ordinary bituminous coal. (Magnification 100 
diameters. ) 


(Courtesy Dr. M, C. Stopes and H.M, Stationery Office.) 


consist in the greater part of the last two materials, and the destruction of these 
substances may be accomplished (a) by aerobic organisms, (b) by anaerobic 
organisms, (c) by denitrifying bacteria, and (d) by molds. During the bacterial disin- 
tegration of cellulose, methane, carbon dioxide, hydrogen, and other gases are set 
free (Popov, Tappeiner, and Hoppe-Seyler), and this fact is worthy of note. 
Renault, who spent a considerable amount of his time in studying the occurrence 
of microérganisms in coal, published several works on this subject, and illustrated 
these with plates and figures.t In addition to other microérganisms this worker 


1 “* Recherches sur les Bactériacées fossiles,’? Ann. Sci. Nat. Sér. 8 Bot., Vol. 2, 
pp. 275-349. Text figs. 1-46. Paris, 1896. 
** Les microorganismes des lignites,’’ Comp. Rend. Acad. Sci., Vol. 126, pp. 1828- 
1831. Paris, 1898. 
Renault, B., and Roche, A., ‘‘ Notice sur la Constitution des Lignites et les 
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recognised representatives of living forms of bacteria of the family Coccacze, such 
as Microccus and Streptococcus. Excellent examples of micrococci were found in 
the cuticle of the bark of the carboniferous tree, Bothrodendron, of which the Papier- 
Kohle (paper coal) or Toula coal of Russia is composed entirely. 

The examination of coal sections for bacteria is not an easy matter, and it 
requires much experience and biological knowledge. There are many objects which 
may be mistaken for bacteria, such as specks of mineral matter, badly formed crystals 











Fia. 8.—SHEET OF CUTICLE FROM RUSSIAN COAL. 


Showing the impress of the cell structure upon it. 
(Cf. Fig. 3.) (Magnification 130 diameters.) 


(Courtesy Dr. M. C. Stopes and H.M. Stationery Office.) 


of organic matter, foreign matter introduced during the preparation of the sections, 
etc., and some authorities, including Dr. E. 8. Moore, of Pennsylvania, who had the 
privilege of examining Renault’s original slides, are convinced that even this worker 


organismes qu’ils renferment,” Bull. Soc. Hist. Nat. Autun., Vol. 2, reprint, pp. 1-39. 
Pls. XI-XIJII. Autun, 1898. 

‘“Sur quelques microorganismes des combustibles fossiles,’’ Bull. Soc. ? Indust. 
Minér., Vol. 13, Livr. 4 (1899) and Vol. 14, Livr. 1 (1900), pp. 460, 66 Text figs. 8vo. 
and atlas. 30 folio plates. St. Etienne, 1900. 

“Du réle de quelques bactériacées fossiles au point de vue géologique,” Congrés 
Géologique International, pp. 646-663. 1900. 
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has at times mistaken other material for bacteria. However, a great many of his 
slides do show preserved bacteria, and evidence that these organisms have played 
their part in the breaking down of the tissues of plants which have ultimately formed 
coal is practically conclusive. 

Without doubt the occlusion of gases in coal is very intimately connected with 
its constitution, especially as some of them are degradation products of plant con- 
stituents. The chief gases found in coal mines, which are given off by the coal at 
practically ordinary temperatures and pressures, are methane (CH,) and carbon 
dioxide (CO,) ; very small quantities of carbon monoxide (CO) are found in some 
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Masses of cork tissue in coal from Dillenburg. (Magnified 
50 diameters.) . 


(Courtesy Dr. M. C. Stopes and H.M. Stationery Office.) 


mines. Methane, as a general rule, comes away from the coal silently and at a more 
or less regular rate, but at times large quantities are discharged from faults or from 
fissures (breakers) in the roof and floor of excavations. Occasionally sudden out- 
bursts from the coal take place, the methane coming away with a noise resembling 
a boiler blowing off steam. These outbursts are called blowers, and the gas in some 
cases continues to come away for a number of years. Carbon dioxide is given off 
by the coal silently, and occurs in greater quantities in shallow damp mines than 
in dry deep ones. According to Thomas the amounts of methane and carbon dioxide 
in the gases from almost all blowers and from borings in seams is over 90 per cent. 
and less than | per cent. respectively. 

The amount of gas (chiefly methane and carbon dioxide) which is given off 
in some mines is very large, amounting to many thousands of cubic feet, and a gaseous 
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mine in the anthracite region of Pennsylvania has emitted as much as.2400 cubic feet 
of methane per minute. 

Chamberlain! has shown that when coal is pulverised it gives off a large quantity 
of methane and a little ethane ; but if the same coal is allowed to remain in a closed 
vessel for several months at the ordinary temperature and in a vacuum, considerably 
larger quantities of the same gases are given off. 

It should be noted that the amount of both methane and carbon dioxide which 
comes away from coal after removal from the mine varies greatly with different 
coals, but in almost all cases the quantity which escapes during the first day or 





Fie. 10. 


Part of Fig. 9 more enlarged to show the zone of the 
eork cambium. (Magnification 250 diameters.) 


(Courtesy Dr. M. C. Stopes and H.M. Stationery Office.) 


so is much larger than that given off with an increase in the period of time of 
exposure. 

A fact which must not be lost sight of is that, in addition to methane and carbon 
dioxide, oxygen, nitrogen, carbon monoxide, and sometimes sulphuretted hydrogen 
escape from coal when it is kept im vacuo at ordinary temperatures. 

Some doubt has been thrown upon the contention that the gases in coal exist 
as occluded gases,? and Munro,® from the results of some careful experiments, 
formulates the hypothesis that “‘ gases are present in a state of solid solution in 
coal, the solubility of carbon dioxide being high, whilst the solubility of oxygen 
and nitrogen is low.” 

If various kinds of coal are heated at 100° C. in a vacuum the following gases 
are obtained: methane, carbon dioxide, nitrogen, oxygen, carbon monoxide, and 
in a few cases sulphuretted hydrogen. 


1 ** Notes on Explosive Mine Gases and Dusts,’”’ U.S. Geol. Survey, Bull., 383. 1909. 

2 H. C. Porter and F. K. Ovitz, ‘“‘ The Escape of Gas from Coal,” U.S. Bur. of Mines, 
Tech. Paper 2. 1911. 

8 A. D. Munro, “‘The Occlusion of Gases in Coal,” J.S.C.1., April 29th, 1922, 
pp. 129T-132T. 
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From Scotch and English cannel coals Thomas! obtained gases the compositions 
of which varied as below :— 


CO, 6-44 to 84-55 per cent. 
CH, 77-19 to 80-69 per cent. Absent in three samples. 
C,H, 2-67 to 7-80 percent. Absent in two samples. 


Oaks (Oren percent. Present in one sample only. 
N, 5-96 to 40-06 per cent. 


Another table by the same worker? gives the average figures for three classes 
of coal :— 


CO. N, CH, Oz CO 

per cent. per cent. per cent. per cent. per cent. 
Anthracite  . 8-7 2-6 88-7 — — 
Steam . Se: ge 80:5 0-5 — 
Bituminous. 18-0 LoS 59-6 2-6 — 


Munro® worked upon the lignites, pitch coals, and brown coals of New Zealand, 
and some of the results obtained by him are given below :— 


ee, CO, N, CH, O» CO HS 
per cent. per cent. per cent. per cent. per cent. _per cent. 

Avoca (brown coal) ¢ shhh) 19-5 —- — — a 
Mossbank (pitch coal) . 90-7 het — 0-6 — — 
Coal Creek (brown coal) . 97-7 1-9 ~~ 0-2 —- — 
Puponga (pitch coal) . 80-4 19-6 -- —- —- — 
Blackball 1 (brown coal). 23-2 35-9 ols = ~— 9-1 
Ditto 2 ditto 5 ASAE tee 28-6 — 1-1 

Pt. Elizabeth 1 (bitumen) 46-4 Se 43-3 — 0-6 -- 


The nitrogen present in the gases which escape from coal is in all probability 
due mainly to air which has become imprisoned during the formation of the coal, 
and not to any great extent to the degradation of the nitrogen constituents of the 
vegetable matter from which coal has been formed; the oxygen of the same air 
being for the most part used up in the processes of decay. 

Much useful information on the subject of gases in coal will be found in the 
papers of E. von Meyer,* Zitowitsch,> Thomas,® McConnell,’ Bedson,® Trobridge, ® 
Barker,?° Porter,!! and Munro. 

With the object of throwing some light upon the constitution of coal, a con- 
siderable amount of research has been carried out on the action of solvents on this 
substance. Work in this connection has been very carefully done with the idea in 
mind of extracting the constituents of the coal in an unchanged condition, but 


1 J. Chem. Soc., 1876, 39, 144. 27). .GhEM> SOC. 01810 more oo 

3 J. Soc. Chem. Ind., 1922, 41, 129T-132T. 

4 J. prakt. Chem., 1872, 5, 144; 1872, 6, 389. 

5 J. prakt. Chem., 1872, 6, 79. 6 J° Ghem. Soc., 1875, 28; 193% 1877,.o2, 146- 
7 J. Soc. Chem. Ind., 1894, 25. 8 Trans. Fed. Soc. Min. Eng., 1902. 

9 J. Soc. Chem. Ind., 1906, 1129. 10 Trans. Amer. Inst. Min. Eng., 40, 24-31. 

11 U.S. Bur. Mines, Bull., 82, 50. 12 J. Soc. Chem. Ind., 1922, 41, 129T-132T. 
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unfortunately up to the present it is very doubtful whether the attempts which 
have been made have been rewarded with much success. Several types of solvent 
have been employed in these investigations; among them may be mentioned 
pentane, petroleum ether, chloroform, acetone, ether, ethyl alcohol, amyl alcohol, 
acetic anhydride, glacial acetic acid, carbon disulphide, benzene, phenol, pyridine, 
and various mixtures of these solvents. 

It will, no doubt, occur to the thoughtful reader that in order to remove un- 
changed any substance from the coal, the solvent used should not exert any chemical 
action upon the substance itself or upon the residue. When the solvents named 
above are carefully considered, it will be seen that some of them are not above 
suspicion in regard to this matter; for instance, acetic anhydride, acetic acid, 
phenol, and pyridine, so the choice might fall upon petroleum ether, ether, acetone, 
or benzene as very suitable solvents; but in cases in which they have been used 
the results have turned out somewhat disappointing, as only very small quantities 
- of substance are extracted. 

In the use of benzene somewhat better results have been obtained. Watson 
Smith! submitted several coals to the action of pure benzene, and obtained amounts 
of extractive as follows :— 


From an Australian cannel coal . é . 0-67 per cent. 
» American cannel coal— , : 5 UWS og 
From a Japanese bituminous coal : _ Way ee 


The Japanese coal was of a bituminous nature, and was obtained from the Mike 
mine. This coal, according to the view of Donath, belongs to the Tertiary Age. 
The benzene full extract from it was semi-fluid, somewhat like tar, but possessed 
a smell resembling crude petroleum. Watson Smith submitted the extract to dis- 
tillation and obtained the following fractions :— 


175-200° C.. . Light naphtha. 
250-300°C. . Toluene (or xylene) containing phenols. 
Above 300° C. . ; . Solid paraffins. 


Pyridine bases were also found in the distillates from the benzene extract. This 
worker considered that this extract consisted of “ bituminised resins” resulting 
from the degradation of spores, fruits, etc., of a rich vegetation. 

It is interesting to note that Dr. Marie Stopes visited the Miike mine and was 
able to observe in situ plant structures, and she came to the conclusion that there 
is hardly any doubt “that the coal was formed of a mixed forest debris consisting 
largely of conifers and dicotyledons, and not considerably of ‘spores’ or ‘ moss,’ 
as was first suggested in the discussion on Watson Smith’s first paper ” (1891). 

Watson Smith, in co-operation with J. C. Chorley, made two other contributions 
on the subject: one? on the soluble and resinous constituents of coal, and the 
other? on the petroleum-like bitumen of a Japanese coal. 


ty 5-Gil 2 1891.10 975-980. J.C. 15, 1892, Ll, 591-592. 
27) 0.C.1., 1893, 12, 221-222. 
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Some important work was carried out by Pictet and Ramseyer! on a Montram- 
bert-Loire coal, using benzene as the solvent. The phenols and bases were removed 
from this extract by the use of caustic soda and sulphuric acid, after which the solvent 
(benzene) was distilled off. The residue consisted of a mobile oil which, when sub- 
jected to distillation under 10 m.m. pressure, yielded 60 per cent. of distillate between 
110° and 265°C. The residue on cooling had the appearance of dull resin; the 
distillate was redistilled and eight fractions were collected, and all these fractions 
when exposed to the air suffered oxidation. They were able to isolate, from one 
of the fractions, a hexahydrofluorene, C,,H,,. 

A very important investigation was carried out on a large scale in 1916 by 
Pictet, Ramseyer, and Kaiser.2 These workers used 5} tons of Saare coal in their 
investigation, and they employed as the solvent boiling benzene, the operation 
taking four days. The extract was reduced to about 20 litres by distilling off the 
benzene, and to this residue was added 100 litres of petroleum ether. This pre- 
cipitated 2-7 kilos of a powder of a light brown colour, and this was not examined 
further at the time. The liquid, after the removal of the precipitate, was distilled 
to remove the petroleum ether, etc., and the process was carried on until there was 
obtained a thick brownish oil, which weighed 10-6 kilos. On examination it was 
found that this oil contained about 0-5 per cent. of bases and 2 per cent. of oxygenated 
compounds, the residue consisting of hydrocarbons, both saturated and unsaturated, 
the former comprising about 25 per cent. of the original material. Several pure 
hydrocarbons were isolated, namely, C,H, 9, CsH,., and C3,>H¢, (melene). 

A Westphalian gas coal was extracted with chloroform by Siepmann,* and he 
obtained a dark brown solution possessing a green fluorescence. The amount of 
solvent-free extract was small, being only 1-25 per cent. of the coal, and it was hard, 
dark brown in colour, possessing an odour somewhat similar to heavy petroleum. 
Between 75° and 80° C. it began to melt, and at 100° C. was quite fluid. Decom- 
position commenced between 130° and 140°C. This worker also extracted another 
sample of the same coal with ether and obtained a soft yellowish brown, resinous 
substance possessing an aromatic odour. In this case the amount of extract was 
very small, being only 0-3 per cent. of the weight of the original coal. The residue 
of this coal after the ether extraction was further extracted with alcohol, and a dark 
brown resinous substance was obtained, also possessing an aromatic odour, and 
amounting to 0-25 per cent. of the original coal. A final extraction with chloroform 
yielded 0-75 per cent. of a dark brown substance with an odour somewhat resembling 
coal tar. 

Phenol at a temperature of 110° C. was used by Gigunet* as a solvent upon 
a bituminous coal which was reduced to a very fine powder. He found that he 


1 “ Ueber einen Bestandteil der Steinkohle,’”’ Ber, Vol. 44, 2486-2497. 1911. 
2 “ Sur quelques hydrocarbures contenus dans la houille,’’? Compt. Rend. Acad. Sci., 
Vol. 163, pp. 358-361. 1916. 

5 “ Beitrage zur Kenntniss der ‘ harzartigen’ (léslichen) Bestandtheile der Stein- 
kohlen,”’ Zetts. Berg. Hut. und Salinenwesen, Vol. 39, pp. 26-31. 1891. 

4“ Sur la constitution de la houille,’’? Compt. Rend. Acad. Sci., Vol. 88, pp. 590-592. 
1879. 
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obtained as much as 4 per cent. of dry extract. The solution in phenol, on cooling, 
deposited brown flakes, and if alcohol was added to this solution it precipitated the 
whole of the dissolved matter in the same form. This worker did not proceed much 
further in the matter. 

In 1915 Parr and Hadley! used phenol as a solvent, and stated that both 
the extract and the residue absorbed oxygen readily from the air at ordinary 
temperatures. 

It was Bedson? in the year 1899 who made the interesting discovery that pyri- 
dine, when used as a solvent on coal, extracted large quantities of material, the 
extract being of a brownish red colour, possessing a green fluorescence. This worker 
continued his researches,? and on extracting with pyridine the bright coal and 
also fusain separated from the coal dug from the Busly seam (County Durham), 
obtained from the former about 19 per cent. of extract, and from the latter less 
than 1 per cent. 

Baker, following Bedson in 1901,4 examined an anthracite coal and also two 
bituminous coals, one from the Hutton seam, and the other from the Brockwell 
seam, using commercial pyridine as the solvent. He discovered that anthracite 
gave very little extract ; but quite a considerable quantity was obtained from the 
bituminous coals, that from the Hutton seam yielding 20-4 per cent. and that from 
the Brockwell seam 11-5 per cent. of extract. This worker pointed out that the former 
coal after extraction had lost all its coking properties, whilst the latter retained 
this property to a slight extent. 

It was shown by Anderson and Henderson® that the amounts of “ volatile 
matter ’’ present in the residues obtained when they extracted their coals with 
pyridine, were actually more than found in the original coals. This led Lewes to 
conclude that the pyridine must have attached itself to some constituent in the 
coal to form a compound insoluble in excess of pyridine. It is quite possible that 
Lewes’ conclusion is not the correct one, but that some of the pyridine had become 
absorbed by the coal residue. 

A considerable amount of very useful work has been done by treating the 
pyridine-free extract with other solvents, the object being to obtain compounds 
of definite composition. 

Clark and Wheeler® came to the conclusion that pyridine makes a partial 
separation of coal into two groups of bodies, namely, ““ humous”’ and “ resinous ”’ 
respectively. They extracted a pyridine extract which, according to their view, 
consisted of resinous bodies, with chloroform, and found that between 30 and 40 per 
cent. of it was soluble in this solvent, yielding a solution of an orange-red colour and 


1 “The Analysis of Coal with Phenol as Solvent,” Ill. Univ. Eng. Eup. St. Bull., 
No. 76. Urbana, 1915. 

2 Trans. Fed. Inst. Min. Eng., Vol. 16, pp. 388-390. Newcastle, 1899. 

3 “* Notes on the Proximate Constituents of Coal,’ J.S.C.I., Vol. 27, pp. 147-149. 
London, 1908. | 

4 “The Solvent Action of Pyridine on Certain Coals,’’ Trans. Fed. Inst. Min. Eng., 
Vol. 20, pp. 159-162. Newcastle, 1901. 

5 J.S.C.1., Vol. 21, pp. 287-242. 1902. & J.C.8.,,1913,103, hi04, 
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possessing a fluorescence. The solid extract was of a colour resembling sepia, it 
softened at 90° C. and portions of it melted at 102° C. They found that if the pyridine 
extract was treated with benzene very similar results were obtained. 

By extracting the chloroform soluble portion of a pyridine extract, obtained 
from a bituminous coal, with pentane, Jones and Wheeler! obtained a solid paraffin 
which melted between 53° and 59°C. This wax consisted chiefly of heptacosane 
(Co 7H). 

Bone and Sarjant? have shown that the presence of oxygen has a retarding 
action on the solvent power of pyridine on coal, which varies with the nature of the 
coal, and which is due to the coal substances becoming oxidised before or during the 
extraction process. It was pointed out that oxidised coal was much less susceptible 
to the action of pyridine than coal which had not been submitted to the process 
of oxidation, and that water also exerted a retarding influence on the extractive 
property of pyridine. In order to obtain concordant results, it is necessary to use 
dry coal ground to a standard size, to exclude air, to extract with a purified and 
dried pyridine, and to employ a standard form of extraction apparatus. 

From the ether soluble portion of the pyridine extract of an Upper Silesian coal, 
after the removal of basic, phenolic, and acid substances with dilute sulphuric acid 
and dilute caustic soda solutions respectively, F. Hofmann and P. Damm? obtained 
neutral substances which on distillation in vacuo yielded fractions in which resinous 
substances and hydrocarbon bodies were identified. Among the hydrocarbons were 
members of the series C,H,,—.4, C,H.,—,, C,H2,—., and C,H»,—1. 

In a chemical investigation of banded bituminous coal Tideswell and Wheeler* 
extracted with pyridine the four constituents : vitrain, clarain, durain, and fusain, 
with the following results :— 


Vitrain. Clarain. Durain. Fusain. 
Extract, per cent. on ash-free, dry coal 34-4 27-2 21-6 10-1 
Colour of solution . : : . Dark red. Dark red. Brownish red. Brown. 


A weighed portion (one gram) of each of the dried extracts of vitrain, clarain, and 
durain was extracted with chloroform during two days, and the percentage of the 
pyridine extract soluble in chloroform was with vitrain 27, with clarain 30, and 
with durain 40, From these results the figures given below were calculated. 


Vitrain. Clarain. Durain. 
a-Compounds (insoluble in pyridine) . . 65-8 72:8 78-4 
p- Compounds (soluble in Ea but insoluble 
inchloroform) . 20:0 9-0 13-0 
y-Compounds (soluble in Neth anit and 
chloroform) . hy 82 | 86 


1X/-Cu5.,01 014 eV Olea LOos 

2 Proc. Roy. Soc., 1919, A, 96, 119-136. 

3’ Brennstoff-Chem., 1922, 3, 73-79, 81-91. See also J.S.C.I., May 15th, 1922, 
p. 318A. 
4 J.C.8., 1919, Vol. 115, 619-636. 
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These workers also submitted vitrain and durain to direct extraction with 
chloroform and with ethyl alcohol, and clarain with ethyl alcohol only, and the 
results of these extractions are shown under :— 


Extract, per cent. on ash-free dry coal— 


Vitrain. Clarain. Durain, 
Obtained with alcohol ’ : ' 6-6 57 Bl 
Obtained with chloroform . : ee? 2°85 — 2-4 


Some very important work on the action of solvents on coal has been carried 
out by W. A. Bone, A. R. Pearson, E. Sinkinson, and W. E. Stockings during an 
investigation on the resinic constituents and coking propensities of coal.t Resin- 
solvents, such as ethyl ether, acetone, ethyl alcohol, chloroform, tetrachlorethane, 
trichlorethylene, benzene, and xylene, were used, and in order to avoid the action 
of atmospheric oxygen the extractions were carried out in an atmosphere of nitrogen. 

Two series of experiments were carried out with seven coals, using 1n one case 
acetone (b.p. 56-5° C.) and in the other benzene (b.p. 80-4° C.). The experiments 
were carried on until no appreciable further extraction took place. The figures 
given below are the percentage amounts of extract obtained from the dried coal. 


A B C E F G 
Coal Durham South South 
Solvent— coking, Barnsley Spanish Spanish Wales Wales 
Acetone . 2:38 2-66 1-40 0-66 0:67 0:68 
Benzene. 3°27 1-86 2-04 1-25 1-18 0-93 


These extracts consist, at least in part, of coal resins, and in order to test the 
validity of the commonly accepted theory that the coking power of coals depends 
on their resinous constituents, Bone and his co-workers carried out coking tests on 
the residues obtained after the extraction of the above coals and found their coking 
propensities were unimpaired. To remove any doubt in this matter both A (Durham 
coking) and B (Barnsley) coals were submitted to a more drastic extraction. In 
each case the coal was extracted successively with (a) ethyl ether (eleven days), 
(b) ethyl alcohol (nine days), and (c) benzene (fifteen days). The results of the 
experiments are set out below :— 


B 
Coal Durham coking. Barnsley. 
Ethyl ether (eleven days) . 2-20 2-34 per cent. extracted. 
Ethyl! alcohol (nine days) . : 2-43 ligtete) 82 s 
Benzene (fifteen days) . 2-00 0:39. ;, >» 
Total ° ° 6-63 5-11 9 ey 


In this case also the residues (after drying in an atmosphere of nitrogen) were 
found to possess unimpaired coking properties. 
The well-known fact that the coking power of coals is destroyed after extraction 


1 Proc. Roy. Soc., 1922, A, 100, 582-598. See also Gas World, Coking Section, April | 
Ist, 1922, pp. 16-20. 
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with basic solvents such as pyridine is mentioned, and it is pointed out that this 
is due rather “to the depolymerising action of the pyridine upon the coal substance ” 
than to the removal of resins. It was found that the resin solvent tetrachlorethane 
attacks and decomposes the coal substance and destroys the coking power. Four 
coals were extracted with chloroform with the following results :— 


Coal Percentage of extract. 
A (Durham) . ; 4 : ee ee 
B (Barnsley) . ; 5 hs 
D (Spanish) . : : ; 2. 9748 
F (Welsh) . : : : rel 20) 


In each case the coking power of the residue was unimpaired. It was found, 
however, that if a stream of chloroform vapour was passed over the Durham and 
Spanish coals at temperatures between 220° and 270°C., hydrogen chloride was 
evolved (the coal substance was being attacked), and the coking power of the Durham 
coal had deteriorated somewhat, whilst that of the Spanish coal was entirely 
destroyed. 

With the object of isolating a sufficient quantity of coal resins for a thorough 
examination of them a process was devised which minimised the depolymerising 
action of pyridine upon the non-resinous matter. A mixture of equal volumes of 
pyridine and amyl alcohol gave the best results. The extraction of the coal was 
carried out in an atmosphere of nitrogen, and at the end of the operation the solution 
was separated from the residue by filtration, preferably by means of an alundum 
cylinder. A portion of the mixed solvents was removed by ordinary distillation, 
and the remainder under a pressure of 20m.m. The crude pyridine-amyl extract 
obtained from the Barnsley coal (B) was, by a special treatment, separated in the 
products shown in the following scheme :— 


100 Parts oF CRUDE PYRIDINE-AMYL EXTRACT. 


X 


Soluble in ether Insoluble in ether. 
(Resin extract A), (Non-resinous), 
52-7 parts. 47-3 parts. 
(Partly soluble in 
\ alcoholic potash) 
Soluble in light Insoluble in Humic bodies. 
petroleum, 14-9 parts light petroleum, 
37-8 parts 
(Non-resinous). (Resin extract B). 
oY y 
Pale yellow wax-like Soluble in ethyl 
material, alcohol, 26-8 parts 


4-5 parts. (Pure resin C). 
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Only two coals were worked upon in this series of experiments, viz. Durham coking 
and Barnsley, and the yield of resin extract A from these coals varied from 1-27 
to 2°75 per cent. of the weight taken. 

The wax-like substance on purification with sulphuric acid yielded a pale 
yellow material with the appearance of a soft paraffin. It was soluble in ether, 
chloroform, and most other organic solvents, and its solutions showed a green fluores- 
cence. Bromine was not absorbed by it. The amount obtained was approximately 
0-35 per cent. of the original coal. Its ultimate composition was found to be as 
follows :— - 


Per cent. 
Carbon . ; : 6-00; 
Hydrogen : mee lOs ct 
Oxygen (by airerence) ’ Al 

100-00 


The pure resin C. was a translucent material deep red in colour, possessing a 
conchoidal fracture and producing an amber-yellow powder when crushed. Ethyl 
ether, alcohol, acetone, acetic acid, chloroform, and benzene dissolved it completely, 
but in light petroleum it was insoluble. At a temperature just above 100° C. it 
began to soften. It resembles a “‘ resene ”’ in its chemical inertness. Two determina- 
tions of its molecular weight gave (1) 453-0 and (2) 450-7. The ultimate composition 
and these values agree with the empirical formula, C,,H,,03. 


Calculated for 


Found Ouro: 
(M.w. 452) 
Carbon . ; Oca 82-30 per cent. 
Hydrogen oh faa GUS a. 
Oxygen (by difference) . 10-74 LO 2a. 
100-00 100-00 


The total amount of the purified resin isolated from the two coals used in the 
experiments was not much greater than 1 per cent. of their weight. 

The humic substances in the case of the Durham coal amounted to about 4 per 
cent. of its weight. The ultimate composition of the dried material is given under :— 


Per cent, 
Carbon : : : , a OyeD 
Hydrogen : : 5) AOR: 
Oxygen, with little aly: (by difference) ‘ | Mette, 
Nitrogen : P t(D 

100-00 


Attention is given to the humic substances of coal in another portion of this chapter — 
(see page 48). 
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According to 8. R. Illingworth?! as the carbon : hydrogen ratio of coal increases 
so does the solvent action of the pyridine decrease; coals possessing a C/H ratio 
greater than 21 are practically unattacked by pyridine at its boiling point. If the 
temperature of extraction is increased there is a marked effect on the solvent action 
of the pyridine, and this suggests that the depolymerising action of this solvent is 
greatly increased as the temperature rises. The minimum temperature necessary for 
obtaining maximum depolymerisation varies with every coal, and the period of 
heating also plays a part in the action of depolymerisation. 

Illingworth finds that of all the solvents usually employed for the resolution 
of coal, phenol possesses the greatest depolymerising action, and considers that 
this property, coupled with the ease with which it can be manipulated, makes it the 
most suitable solvent. The solvent action of phenol is very vigorous in the initial 
period of an extraction process, but complete extraction requires a very considerable 
period, owing to the presence in the coal of substances of high C/H ratio. 

Up to the present the results obtained by extracting coal with various solvents 
are not of a very striking nature, but the fact cannot be overlooked that the more 
recent work has supplied some very useful data, and is full of encouragement to 
future investigators. Methods have been devised by which the coal substance can 
be separated into two main groups, viz. cellulosic (humic) and resinic, and hydro- 
carbon bodies (saturated and unsaturated), and resinous bodies have been isolated, 
which indicates that these compounds exist in the free state in many types of coal. 

When dealing with “rosin” (colophony) (page 15), it was mentioned that 
Russell, on placing this substance on a sensitised plate in the dark and leaving it 
for some time, found that it reacted in such a manner that when the plate was 
developed an image was obtained. Also it has been pointed out that resinous bodies 
have been discovered in coal both microscopically (page 22) and by methods of 
extraction (page 34). Now, it is common knowledge that colophony is a resin and 
also a plant product, and if coal and also the resinous bodies extracted from it 
behave in a similar manner to this substance when placed on a photographic plate 
in the dark, then it is quite reasonable to consider it at least a partial proof of the 
presence of types of resin in coal; and it will also add a little more to the evidence 
that coal is of plant origin. . 

Taking a small piece of coal, after polishing one of its surfaces, Russell? placed 
it on a photographic plate and left it for sixteen hours, enclosed in a dark box, and 
at a temperature of between 40° and 50°C. He afterwards developed the plate and 
found that the structure of the coal was shown up as patches and streaks of different 
intensities. Like results were obtained by experimenting with all ordinary coals. 
This worker® also experimented in a similar manner with different parts of plants, 
resinous woods, other kinds of woods, and plant juices, and obtained images similar 
to those secured when working with coal. 

Platt and Wheeler,* by the use of the same method, were able to show that 


1 Fuel, 1922, 1, 213-218. 2 Proc. Roy. Soc,, 1908, B, 80, 376-380. 
3 Proc. Roy. Soc., 1906, B, 78, 385-390. 
4 Trans. Chem. Soc., 1913, 103, 1713-1715. 
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cellulose has no action on a photographic plate, and concluded that the substance 
in the coal which affects the plate must be that portion of the pyridine extract of 
coal which contains resinic matters. These workers prepared from a bituminous 
coal a pyridine extract, and from this a portion soluble in chloroform ; retaining the 
residue. The dried extracts, residue, and a portion of that part of the original coal 
which was insoluble in pyridine, were then finely ground, and four thinly spread 
patches placed on the same sensitised plate. The prepared plate was then kept, 
at a temperature of 40° C., in a specially constructed light-tight box for twelve hours, 
after which it was developed. The result was as follows: The portion of the original 
coal insoluble in pyridine showed a very faint image; the pyridine extract had 
produced a strong image of the same size and shape as the patch of powder; the 
portion of the pyridine extract soluble in chloroform had produced a very strongly 
marked image surrounded by an extensive “halo”; and the residue, 7.e. that 
portion of the pyridine extract insoluble in chloroform, showed no image. They 
concluded from this that the chloroform extract contained the resinic constituents 
of the coal. 

Sinkinson! determined the effect of high temperatures on the stability of the 
constituents of the coal that can react on a photographic plate in the dark. The 
coals examined were Manvers Main; Hamstead, and the ingredients of it, viz. durain, 
clarain, and vitrain; Spanish coking; and Spanish non-coking. In regard to the 
Manvers Main coal, samples were carbonised at 300° C., 500° C., 700° C., and 1000° C., 
and a portion of each residue, coarsely ground, and also of the dry and wet coal 
before carbonising, placed on a photographic plate, each portion being covered with 
an inverted porcelain crucible. The plate was enclosed in a light-tight box and 
kept at 40° C. for twenty-four hours. The results were as follows :— 


(1) The most intense image was given by the dry uncarbonised coal, the image 
produced by the wet sample being slightly less in comparison. 

(2) The residue from the sample carbonised at 300°C. showed less action, 
and that from the sample heated at 500° C. produced only a very slight 
image. 

(3) The residue obtained from the carbonisations at 700°C. and 1000° C. 
showed no action at all. -* 


Dealing with the Spanish and Hamstead coals and the separate ingredients of 
the latter coal, all, when carbonised at 450° C., gave images on a photographic plate, 
but at 500°C. the effects were not so intense. For a carbonising temperature of 
550° C. there was no effect in the cases of the two Spanish coals and durain; the 
effect in the case of the Hamstead coal was just perceptible, and with vitrain and 
clarain rather more so. At 450° C. vitrain gave the most intense image, whilst clarain 
came next. 

The effects of durain, clarain, and vitrain on photographic plates were investi- 
gated by Stopes,? and she found that vitrain produced the strongest image. 

By the use of a solvent made of equal volumes of pyridine and amy] alcohol, 


1 Jour. Chem. Soc., 1920, 117, 165-170. 2 Proc. Roy. Soc., 1919, B, 90, 470. 
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Bone and his co-workers! obtained an extract from which, on further treatment 
with solvents (see pages 36-37), they were able to isolate a pure resinous substance. 
This on examination was found to resemble a “ resene’’ in its chemical inertness, 
and this fact coupled with the facts (a) that Sinkinson and Bone, in an unpublished 
research, found that the resene portion of pure resin did not affect a photographic 
plate in the dark, and (b) that resene was the only resinous body which Bone and 
his co-workers obtained from the coals they worked upon (Durham and Barnsley), 
appears to contradict the conclusion come to by other investigators that the 
resinous bodies of coal are the substances which act on a photographic plate. 

In a paper appearing shortly after that of Bone’s (just referred to), Wheeler 
and Wigginton® claim that there is little doubt that true resins (mixtures of resin 
esters, resin acids, and resenes) occur in bituminous coal. There is some difference 
between the behaviour of the resins occurring in bituminous coals and those of 
modern formation, the former having undergone changes which have caused them 
to lose to a large extent their solubility in ether, alcohol, etc. Substances with the 
appearance of resins occur in some British bituminous coals in the form of layers, 
and these on testing prove to be true resins. 

It is worthy of note that those substances in coal which affect a photographic 
plate in the dark are readily oxidised. Referring to vitrain, clarain, and durain, 
Tideswell and Wheeler state “ all three absorb oxygen to a marked degree, but there 
is a decrease in absorptive power in the order vitrain, clarain, durain, which is 
particularly marked at low temperatures. . . . The difference in absorptive power 
evinced by ‘these three banded constituents of bituminous coal’ would be in their 
physical structure—in their power of physical absorption.’’ Of these three con- 
stituents “‘the bright ones, vitrain and clarain, show greater liability to oxidise 
and to ignite than the dull durain.”’ 

Eric Sinkinson® is of the opinion that the absorption of oxygen by coal is a 
part of the mechanism of its action on a photographic plate, and he points out that 
in the presence of nitrogen or in a vacuum there is no action. It was tentatively 
suggested by Russell that the formation of hydrogen peroxide may be responsible 
for the production of an image on a photographic plate. 

It should be clearly understood that molecular oxygen is not directly responsible 
for the effect on a photographic plate ; silver bromide is not affected by this element. 
This salt, as is well known, is affected by the action of light, a photochemical reaction 
takes place, with the result shown in the following equation :— 


4AcBr=2Ae,Br+Br, 
or in the presence of gelatine, which renders the reaction irreversible :— 
4A oBr-+gelatine=2Ag,Br+ brominated gelatine. 
Now, what is it that produces the same effect on the dark and in the presence of oxygen, 
when a piece of resin from wood or coal is placed on a photographic plate ? 


1 Proc. Roy. Soc., 1922, A, 100, 582-598. 
2 See Jour. Chem. Soc., 1920, 117, p. 170. 3 Fuel, 1922,'1, 10-14. 
4 Jour. Chem. Soc., 1920, 117, 794-801. 5 Jour. Chem. Soc., 1920, 117, 166, 
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Mr. W. F. Block, an assistant of the late Dr. Russell, gives among other state- 
ments! (especially in reference to woods, although coal and resin were experimented 
with as well) the following :— 


(a) ‘‘ On the evidence the active bodies (in regard to effect on a sensitised plate) 
must be regarded as an emanation, but differing entirely from radio- 
active emanations.” 

(6) “‘ The action takes place slowly at ordinary temperatures (one day to twenty- 
one days) according to the nature of the specimen, but rapidly at 50-55° C. 
(half to eighteen hours).” 

(c) “‘ The shorter exposures give sharper pictures, which observation accords 
with the conclusion that the active body is of the nature of a vapour 
or volatile compound.” 

(d) “The activity of woods is increased in all cases by exposure to strong 
light, and observations on the spectrum showed that the blue end was 
particularly active.” 

(e) “ The increased activity disappears on keeping the specimens after exposure 
in the dark.” 

(f) ““ Resinous substances extracted from a number of woods were found to be 
more or less active. Para-abietic acid was . . . found to be particularly 
active. Itis well known that this body shows the phenomenon of autoxi- 
CaitlOlss aes: 

(g) ‘“‘ Experiments in which the active substance in sufficient mass was swept 
with a stream of air, and the current of air afterwards made to act upon 
a photographic plate at some distance, showed that the active substance 
could be carried forward.” 


From these remarks and those of other observers it will be seen that the phenom- 
enon under discussion is undoubtedly difficult of explanation, and in order to clear 
the matter up further research is necessary. As already stated, the change of the 
silver bromide in the gelatine of a photographic plate into a subsalt (when taking 
a photograph) is the result of a photochemical reaction, and it seems that the same 
type of reaction is responsible for the images produced on a sensitised plate by coal, 
coal extracts, wood resins, etc. It is well known that waves of ultra violet light 
affect a photographic plate, and that these waves are invisible to the eye, and it 
seems quite reasonable to suppose that waves of similar vibrations are produced 
in the cases under discussion, and that these are responsible for the change in the 
silver bromide molecule, and, therefore, the production of the image on the plate. 
Up to the present it has been demonstrated that the presence of oxygen is necessary, 
and that the substances must possess the property of undergoing autoxidation to 
a greater or lesser extent. Substances which undergo autoxidation appear to adsorb 
oxygen (as much oxygen is rendered “ active” as is taken up by the material under 
oxidation), and when adsorption of a gas by a surface takes place, the latter becomes 


1 See Wood Pulp and its Uses, Cross, Bevan & Sindall, pp. 71-75. | Constable & Co., 
London. 
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electrically charged and the former activated. Is it the electrons of the activated 
oxygen which set up these high frequency waves? Emission (or absorption) of 
radiation is due to the electron passing from one equilibrium state to another (Bohr), 
and the waves emitted by the electron are waves of ultra violet light. 

In the fall of the year 1922 there appeared in the public press the startling 
statement, ‘‘ Petrol from coal—Claims for a new process,’ and upon reading the 
paragraph it indicated that Dr. F. Bergius, a German research chemist, had produced 
a simple process by which coal could be changed, by the use of hydrogen at a high 
pressure, into an oily liquid which would yield petrol or other kinds of mineral oil. 

Undoubtedly this press notice referred to the process of hydrogenation of coal, 
a subject which is receiving increased attention as time goes on. This matter has 
been dealt with chiefly by Dr. Bergius, F. Fischer and H. Schrader, and F. Fischer and 
H. Tropsch. Apparently the Bergius process is to treat coal in suitable autoclaves 
at 400° C. with hydrogen at high pressures. Bergius states that he obtains his best 
results by using what he terms soft natural coal, and undoubtedly by this he means 
the lignites and brown coals. The amount of conversion into liquid fuel runs out at 
about 90 per cent. of the weight of the coal taken. 

In the author’s opinion this result seems rather high, for it allows only 10 per cent. 
to cover the ash, wood cells, medullary ray-cells, cuticles, and other unchanged 
plant substances, and also the substances which will not react with hydrogen. 
It should be noted that the ash in dried lignites and brown coals varies between 
2-4 and 42 per cent. 7 

It appears that Bergius has also treated heavy tar oils with hydrogen under 
the same conditions and obtained light oils and pitch from these materials, his 
average figures being 80 per cent. by weight of the original material of the former 
and 20 per cent. of the latter. At the present time heavy tar oils can find a ready 
market for the very useful purpose of assisting in the conservation of timber, so 
why put them through several processes and so degrade 20 per cent. by conversion 
into pitch ? 

In the press paragraph referred to above it states that the Bergius process 
“ would enable a large part of the British coal reserves to be transmuted into liquid 
fuel, would secure this country against any risk of a liquid fuel famine, and enable 
it to make its own oil at home.” Statements of this description are distinctly mis- 
leading, and it is a pity the general public are not sufficiently educated in matters of 
science to understand the stupidity of them. The process of hydrogenation of coal is 
all very well in a way so long as lignites and brown coals are the only types dealt 
with, but we are not in a position to lose our source of benzene, toluene, naphthalene, 
anthracene, phenols, etc., which are so necessary to the coal tar colour and other 
industries, by subjecting the bituminous coals (humic coals) to the same process. 
It would be far more sensible if, as Dr. F. M. Perkin! has suggested, all the coal 
employed for domestic purposes were to be partially carbonised and the yield of 
crude oil obtained used for fuel purposes. This worker has pointed out that if this 


1 “ Production of Oil from Mineral Sources,” Jour. Inst. Petroleum Tech., 5, 75-93. 
1919, 
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yield be reckoned at the very low rate of 20 gallons per ton, the production of oil 
per annum would be between 700,000,000 and 900,000,000 gallons. Let it not be 
forgotten that at present all this oil, together with other valuable coal-tar products, 
is being wasted by burning in the domestic grate ; and with this waste the atmosphere 
of towns is polluted, a factor which not only affects the health of the population, but 
contributes largely to the disintegration of the stone work oF public and other build- 
ings, some of which are works of art. 

A plant to deal with the Bergius process, having a capacity of sixty tons per day, 
has been erected at Rheinau, near Mannheim. 

The hydrogenation process such as applied to coal might be quite a satisfactory 
method for dealing with the peats, and research in this direction is desirable. 

Fischer and Schrader,+ in their process of hydrogenation of coal, used sodium 
formate instead of molecular hydrogen under pressure, and state that coal is affected 
very little if it is treated by the latter method. According to these workers the 
nascent hydrogen liberated by the decomposition of sodium formate has a marked 
effect, not only on coal but on peat and fresh plant substances. Their researches 
were carried out chiefly with a Rheinish lignite. This material, if destructively 
distilled, yielded about 7 per cent. of its weight of tar reckoned on ash-free lignite ; 
but if the process was repeated after being mixed with four times its weight of 
sodium formate, the yield increased to between 23 and 27 per cent. A still further 
increase was obtained (45 per cent. of tar) by heating in an autoclave under the 
pressure of steam and the gases formed during the process, mixing in the first place 
the lignite with double its weight of sodium formate. If the lignite was mixed with 
eight times its weight of sodium formate and treated in an autoclave as just described, 
the amount of tar obtained was 48 per cent. The best temperature to use appeared 
to be 400° C. The yield of tar varied according to the kind of coal employed, decreas- 
ing in amount as the series of lignites, cannels, bituminous and anthracitic coals 
were passed through. 

The subject of hydrogenation of coal has been taken up by F. Fischer and 
H. Tropsch,? but instead of using hydrogen or sodium formate they employed 
hydriodic acid. Experimentally they took 2 gms. of coal and heated it for 12 hours 
at 200° C. with 5 c.c. of hydriodic acid (sp. gr. 1-7) and 2 gms. of red phosphorus 
and obtained bitumen-like substances of high molecular weight soluble in chloroform. 
If they used higher temperatures they obtained under certain conditions petroleum- 
like substances. Apparently by using the method just described they did not 
obtain liquid products, for the substances which dissolved in chloroform on the re- 
moval of this solvent remained as a light brown powder which softened above 100° C. 
There is one point of interest in regard to this process which confirms the results 
obtained by other methods of hydrogenation, and that is coals, such as lignite and 
cannel, are much more easily hydrogenated than the bituminous and anthracitic 
coals, but the products are very similar although less in quantity with the latter 


1 Brennstoff-Chem., 1921, 2, 161-173. See also J.S.C.J., 1921, p. 457A. 


2 Chem. Zentr., 1919, 90, IV, 471-472. Ges. Abhandl. zur Kenntnis der Kohle, 1918, 
2, 154-159. See also J.S.C.I., November 29th, 1919, 855A. 
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types of coal. A table given by Fischer and Tropsch constructed from the results 
of some of their experiments bears this out :— 


Fixed carbon Matter Soluble in Chloroform. 
Kind of Coal. in Coal. Before treatment. After treatment: - 
Per cent. Per cent. Per cent. 
Anthracite ; : 89 0-52 ipa 
Semi-bituminous : 85 0-55 Vee 
Bituminous ' pee Ae ets: 0-71] 54-6 
Flaming gas 64 1:5 70-3 
Cannel : , : 58 2-7 73 


With the object of gaining knowledge of the composition of coal some workers 
have resorted to the use of reagents, submitting the coal substance to the action 
of such materials as nitric acid, a mixture of nitric and sulphuric acids, sulphuric 
acid, a mixture of nitric and hydrofluoric acids, acetic anhydride, oxygen, ozone, 
and the caustic alkalies. To a very large extent the results obtained have been 
disappointing. 

EK. Fremy! submitted the higher coals (bituminous coals) to the action of a 
mixture of nitric and sulphuric acids with the result that they were completely 
broken down, a deep brown solution being obtained from which, on the addition 
of water, colouring matter was precipitated. In all probability this was a mixture 
of ulmic compounds. This worker also attempted to distinguish between lignites 
and bituminous coals by treating them with solutions of alkaline hypochlorites, 
but without success. 

On treating finely divided coal with nitric acid, Guignet? obtained oxypicric 
acid (NO,).[4,6]C,H,[1,3](OH),. The significance of this is doubtful. Oxypicric 
acid is isodinitro-resorcin, a resorcinol derivative, and the latter substance can be 
obtained from certain plant resins by treating them with potash. This worker 
noted also the presence of oxalic acid and a residue of nitrated products, which, on 
heating, behaved somewhat like nitrated cellulose. 

By gently heating a Wigan cannel coal with dilute hydrochloric acid in which 
potassium chlorate had been dissolved, Cross and Bevan® found that it became 
soluble in alkalies, and from the alkaline solution obtained chlorinated ulmin- 
compounds similar to chlorine derivatives of the sugar ulmins. Smythe? also 
experimented with this reagent and obtained results of a somewhat similar nature. 

Hilpert, Keller, and Lepsius® treated a bituminous coal from the Osterfeld 
mine with several reagents, among them being acetic anhydride and zine chloride, 
a mixture of nitric and sulphuric acids (1:1), and fuming sulphuric acid. The 


1 ** Recherches chimiques sur les combustibles minéraux,’’ Compt. Rend., Vol. 52, 
pp. 114-118. 1861. 

2 “ Sur la constitution de la houille,’’ Compt. Rend., Vol. 88, pp. 590-592. 1879. 

3 Phil. Mag., Ser. 5, Vol. 13, pp. 325-328. 1882. 

* “ Report of Committee of British Association on the Proximate Constituents of 
Coal,’ 1896, 340. 

5 Ges. Abhandl. zur Kenntnis der Kohle, 1917, 1, 22-25. ; Chem. Zentr., 90, 11, 441- 
442. See also J.S.C.J., June 30th, 1919, p. 399A. 
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nitrated coal was found to be partially soluble in acetone and acetic acid, but in- 
soluble in benzene and other hydrocarbons. It was also soluble in aqueous solutions 
of the alkalies with partial saponification. The experiments with fuming sulphuric 
acid gave negative results as regards the formation of sulphonic acids, and upon the 
non-formation of these bodies and the ease with which the nitro products were 
saponified these workers concluded that aromatic hydrocarbons were absent in the 
coal. The results of these experiments do not appear to have thrown much light 
on the problem of the constitution of coal. 

The banded constituents of a coal from the Top Hard seam of East Kirkby 
Colliery were submitted to the action of concentrated nitric acid containing a little 
anhydrous hydrofluoric acid by A. Baranov and W. Francis.! After treatment 
the acids were neutralised with a concentrated aqueous solution of potassium 
hydroxide, and then a large excess of water rapidly added. It was found that the 
whole of the vitrain went into solution, a dark brown, almost black liquor resulting. 
Clarain yielded a solution lighter in colour, but otherwise very similar to that of 
vitrain, and the liquid contained transparent solid fragments in suspension, which 
consisted chiefly of fragments of cuticles with a few broken spore exines. Of the 
durain only about half was dissolved, yielding a solution of a light yellow colour. 
Fusain, so it appeared, was not acted upon by these reagents. 

The importance of the reagent oxygen in regard to its action upon coal cannot 
be overlooked. It plays a very great part in the process of spontaneous combustion 
of coal, a study of the causes of which is a matter of practical necessity, and by 
making careful observations on its reactions with the coal substance a considerable 
amount of light will be undoubtedly thrown upon the constitution of coal. 

In a series of experiments Dennstedt and Bunz? traced a relationship between 
the presence of ulmin-compounds in a coal and its liability to spontaneously ignite. 

Platt discovered that during the oxidation of coal one group of compounds 
behaves in a similar manner to carbon, a loosely combined, physico-chemical complex 
being formed, which breaks up and yields carbon monoxide and carbon dioxide 
when the temperature is raised a few degrees only. It appears that the type of 
compounds in coal which react thus with oxygen occur in the “ cellulosic’ group, 
and they are oxygenated compounds. It has been pointed out by several investiga- 
tors that, generally, coals of a high oxygen content show greater liability to spon- 
taneously ignite. 

It has been suggested by Graham and Hill® that the “cellulosic ”’ portion of 
coal may be that which is responsible for spontaneous combustion of coal. 

When both'carbon and coal are oxidised benzenehexacarboxylic acid (mellitic 
acid) is formed, and this indicates that in both of these substances there are mole- 
cules present of a six-carbon ring structure, each carbon atom of which is attached 
to an additional carbon atom. This seems to indicate that in coal there are sub- 


1 Fuel, 1922, 1, 219-222. See also J.S.C.I., January 19th, 1923, p. 41A. 

* “Die Gefahren der Steinkohle,’” Zets. Angew. Chem., Vol. 25, pp. 1825-1835. 
1908. 

3 Trans. N. Eng. Inst. Min. Eng., 1918, 68, 37. 
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stances the molecules of which are similar in type to the carbon molecule. In a 
paper on “ The Oxidation and Ignition of Coal,” by R. V. Wheeler,! this worker 
states : “ If it is correct to assume that the similarity in behaviour towards oxygen 
evinced by bituminous coal and carbon is due to the presence in the coal of groups 
of compounds, the molecules of which have aromatic structures resembling those of 
the carbon molecule, it follows that the greater the proportion of such groups of 
compounds in a coal the greater will be the ability of that coal when newly-won to 
‘attach’ oxygen, and the higher will be its proportion of oxygen when saturated,” 
and further : ‘‘ What is known of the constitution of coal points to the major portion 
of the oxygenated compounds normally present being compounds arising from the 
degradation of the celluloses and compound celluloses of the cell-walls of the coal- 
plants. It is just these compounds of which the structures of the molecules approxi- 
mate most closely in character to those of carbon, which, therefore, may presumably 
act like carbon in causing a loose attachment of oxygen. A coal rich in such com- 
pounds—oxygenated compounds—might, therefore, be expected to absorb oxygen 
readily, and, zpso facto, to self-heat readily.” 

J. R. Partington? considers that oxygen does not form compounds with the 
coal substance, but is merely adsorbed, and he holds that the evidences of adsorp- 
tion are (a) a rapid initial rate of absorption, followed by (6) a slow and continuous 
absorption, and (c) the difference shown between moist and dry air. Wheeler and 
Tideswell? do not agree with this investigator, and point out that the rate of 
absorption of oxygen by coal increases with rise of temperature, whereas if 1t were an 
adsorption process there should be a decrease in the rate. 

Portions of the four ingredients (vitrain, clarain, durain, and fusain) from the 
Hamstead thick coal were subjected to the action of air or oxygen at different 
temperatures by F. V. Tideswell and R. V. Wheeler,* with the object of determining 
their rates of oxidation and relative ignition temperatures, and to add data which 
would be of service to the general research on the mechanism of the reaction between 
oxygen and the coal conglomerate. The general conclusions drawn from the experi- 
ments by these investigators are :— 


(a) “* Of the three main ingredients of the banded coal, the bright ones, vitrain 
and clarain, show greater liability to oxidise and ignite than the dull 
durain. The difference between these ingredients is not, however, so 
great as to warrant any suggestion that the bright portions of the Ham- 
stead coal are primarily responsible for its lability to spontaneous 
combustion.” 

(b) “‘ The influence of fusain is uncertain. Many practical miners consider 
that spontaneous combustion originates where “ mother-of-coal ’ (fusain) 
abounds.” It is “‘ improbable that fusain has a preponderating influence 
in determining the actual ignition of the coal after self-heating has 
begun; but it is conceivable that the rapid absorption of oxygen by 


1 J.C.S., Vol. 113, 945-955, 1918, 2 Chem. News, 1919, 118, 50. 
Sid Crt LOSS OO LOL, 4 J.C.8., 117, 794-801. 1920. 
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fusain at low temperatures may be attended by a sufficient evolution 
of heat to raise appreciably the temperature of the main mass of the coal, 
thereby causing the most inflammable ingredient (vitrain) to react more 
readily with oxygen.” 


The results of the experiments carried out by these workers also suggest that 
oxygen is first of all physically absorbed, and then gradually disappears owing to 
chemical reaction and formation of an oxygen complex, and that this dual process 
varies to a certain extent in degree and probably also in nature, as between one 
ingredient of the coal and another. 

Fischer and Niggemann! carried out some experiments upon coal with the 
object of producing soluble products, using ozone as the reagent. These investiga- 
tors suspended the coal in water and exposed it for twenty hours to the action of 
ozone, and found that the products obtained were easily soluble in water and alcohol, 
but slightly soluble in other neutral solvents. They were black or brown in colour, 
strongly acid in reaction, absorbed moisture from the atmosphere, were brittle at 
the ordinary temperatures, but became soft at 100° C., with decomposition at about 
110° C., liberating carbon dioxide. They possessed odours somewhat similar to 
caramel. On account of the fact that cellulose and charcoal were only slightly 
attacked by ozone and the products obtained were of a different character to 
those just mentioned, these workers considered that the reactivity of coal to ozone is 
characteristic of the humous substances contained therein. They found that peat 
gave a smaller yield of products than lignite; the yield from cannel coal was 
somewhat larger, and that from anthracite amounted to 48 per cent. after treat- 
ment with ozone for 300 hours. 

Fischer and Niggemann also observed that coals free from bituminous con- 
stituents behave towards ozone in a similar manner to that of raw coal, and they 
conclude that the bituminous matter is not the constituent which becomes water 
soluble. 

The effect of subjecting coal to the action of the hologens has been a subject 
of enquiry, the object being to determine the presence of unsaturated compounds 
in the coal substance. Fischer? used bromine in his experiments, and found that this 
element was absorbed by different coals in varying amounts. Hart,? who used 
iodine, obtained very similar results. 

Tideswell and Wheeler* experimented with iodine on the four ingredients of 
banded coal, using both Wijs’ solution (iodine chloride in solution in glacial acetic 
acid) and iodine dissolved in aqueous potassium iodide solution. They found that 
the coal ingredients absorbed iodine very slowly, that it was impracticable to deter- 
mine the maximum amount of iodine that can be absorbed by coal, because the 


1 ** Conversion of Coal and Similar Substances into Soluble Products by Ozone,” 
Ges. Abhandl. zur Kenntnis der Kohle, 1917, 1, 30-42 ; Chem. Zentr., 1919, 90, 11, 442. 

2 “Selbstentzundung von Steinkohle,” Zeitsch. Angew. Chem., Vol. 33, 787-790. 
1899. ) 

3 “* Kin Kleiner Beitrag zur Chemie der Steinkohlen,’’ Chem. Zezt., Vol. 30, 1204- 
1205. 1906. : 4 J.C.8., Vol. 115, pp. 622-623 and 635. 1919. 
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amount absorbed varied with the conditions and more particularly with the length 
of duration of test, and that a portion of the iodine removed from the iodine solution 
by the coal was not in a state of combination but adsorbed. They also found that 
if Wijs’ solution was used the coal absorbed about four times as much iodine as from 
an aqueous iodine solution in the same time. The figures given below are some of 
their results :— 


IoDINE ABSORBED PER CENT. BY WEIGHT IN ASH-FREE Dry COAL. 
Aqueous iodine (N/10 in potassium iodide solution). 





Duration of Temporary Permanent. 
Treatment. ( Adsorbed). (Chemically combined). 
Hours. Vitrain. Clarain. Durain. fFusian. Vitrain. Clarian. Durain. Fusain. 
1. 6-4 0 4-] 0-7 8-6 6-9 6:8 2-1 
J. ues) 8:3 5:5 O(a Seale 812-3 3°6 
6. 9:3 bit 6-8 Eile SO) ieee) 2-9 
24. 103i L024 ee!) 2 ae One 25 Game 4-3 


Wiss’ SOLUTION 








Duration of Treatment. Temporary. Permanent. 
Hours. Vitrain. Clarain. Durain. Fusain. Vitrain. Clarain. Durain. Fusain. 
6. Werte, ier 9 ffl. S:6 2 POO e (63:20 nolo 4-3 


The action of caustic potash on coal has been studied by a number of workers, 
chiefly with the object of removing from the coal substances of an acid nature (such 
as the resin acids) and humic or ulmic compounds. As is well known, when plant 
celluloses undergo disintegration by the process of “‘ wet rot’ substances of a dark 
brown colour, colloidal in nature, having a high specific heat and a great capacity 
for holding water are formed. These substances, known collectively as “ humus,” 
“humic acids,” “ ulmin compounds,” “‘ ulmic acids,” etc., are complex in nature, 
and at present very little is known about them. They are soluble in caustic potash, 
and can be precipitated out by the addition of a mineral acid. Unfortunately, 
owing to the number of different terms used to describe these substances, a good 
deal of confusion exists, but with a view to dispelling this, present workers are 
adopting the term “‘ ulmin compounds ”’ or “ ulmins.”’ 

If sugar is acted upon by dilute acids at a moderate temperature for some time 
“ulmins ’”’ are formed, and a number of workers have made a study of these sub- 
stances. Berthelot and Andre! stated that the brown substance obtained when the 
precipitate formed by the action of dilute acids on sugar is dried at about 120° C., 
must be considered as a condensed or polymerised anhydride derived from the acid 
resulting from the change in the sugar. When subjected to the action of dilute 
alkalies this anhydride swells like a colloid and forms (a) a small amount of soluble 
basic salts, some of which are derived from acids more hydrated than the originally 
precipitated acids ; and (6) a smaller quantity of insoluble salts. 

Maillard showed that a substance resembling “humus” is produced when 


1 ** Recherches sur les humiques,’’ Ann. Chem. Phys., Ser. 6, Vol. 25, 1892. 
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sugar is heated either with mineral or amino-acids ; in the latter case the “ humus ” 
contains nitrogen. V. A. Beckley! investigated this matter further, and showed 
that sugars on treatment with acids gave rise to hydroxymethylfurfuraldehyde, and 
this substance readily condenses to form a substance very similar to “‘ humus.’’ He 
found hydroxymethylfurfuraldehyde in rotting straw in which “‘ humus ” was being 
formed. According to Beckley the formation of “‘ humus ”’ in soil proceeds in two ~ 
stages, as shown by the following :— 


(a) Carbohydrate (cellulose, etc.)+-amino-acid=hydroxymethylfurfuraldehyde. 
(6) Hydroxymethylfurfuraldehyde + amino-acid =‘‘ humus ’”’-+ furfuraldehyde 
+CO, by condensation. 


Eller and Koch? suggest that ‘‘ humus ”’ is formed by the oxidation of quinones 
which are previously generated from the hexoses by the elimination of water. They 
assign to this the constitutional formula :— 








O O 
| | 
nova a e/ Nou 
Vee Wwe 
; | 


This formula indicates that the acidity is due to phenolic groups ; but Sven Oden? 
contradicts this and states that his experiments indicate that the acidity is due 
to the presence of carboxyl groups. 

Marcusson‘ contends that the “‘ humic acids’ obtained from brown coal contain 
condensed furan and benzene rings, and if they are not identical with, they stand 
in close relationship to the synthetic acids which can be prepared from the sugars. 

By physico-chemical means (potentiometric titration), Sven Oden® proved 
that prepared “humic acid” and also the organic constituents of peat (after the 
removal of the acids soluble in water), both possess acid properties. 

Detmer® obtained humic acid by treating peat with a solution of potassium 
carbonate and then adding hydrochloric acid to the solution. The precipitate was 
repeatedly purified, and the resulting amorphous substance on analysis corresponded 
to the formula C,,H,,0,. It was found to contain a small quantity of nitrogen 
(0-179 per cent.). This worker considered “ ulmic acid” to be identical with “‘ humic 
acid.”’ | 

tJ. Agric: Soc’, 1920, 11, 69. 

2 Ber., 1920, 53 [B], 1469. See also J.C.S., 1920, i, 733 (abstract). 

3’ Koll. Chem., Bethefte, 1919, 11, 75. 

4 Z. Angew. Chem., 1922, 35, 165. See also J.C.S., 1922, i, 436 (abstract). 
5 
6 


Trans. Faraday Soc., 1922, Vol. 17, 2, 288. 
Landw. Versuchs. Stat., 14, 248. 
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Mulder! not only carried on investigations on the sugar ulmins, but on the 
materials which can be extracted from peat by means of alkalies. The results of his 
experiments caused him to form the opinion that the sugar ulmins which he pre- 
pared and the compounds he obtained from peat were identical. 

With the object of comparing sugar-ulmin with peat-ulmin, Robertson, Irvine, 
and Dobson? extracted and examined an ulmin from heather peat, and found it 
resembled the sugar compound closely in appearance, solubility, and general 
properties ; but its analysis was different: C., 56-67; H., 5-16; O., 35-68; N., 2-49 
per cent. against C., 66; H., 4-5; O., 31-5 per cent. for the sugar-ulmin. 

The investigations by Doppler? on the peculiar black jelly found in peat bogs, 
followed by those of Schrétter,4 Haidinger> (who suggested the name of ‘“ Dop- 
plerite ” for the material in honour of Doppler), Von Giimbel,® Demel,’ and Friih,*® 
and more recently by those of Moss,® and in 1922 by those of F. V. Tideswell and 
R. V. Wheeler,!° undoubtedly throw some light on the nature of the formation and 
constitution of coal. ) 

Dopplerite is a black gelatinous substance, colloidal in nature, containing a 
high percentage of water (above 70 per cent.), which when dried becomes a brittle, 
shining black substance possessing a conchoidal fracture somewhat similar to vitrain. 
The fresh substance on exposure to the atmosphere loses its moisture rapidly, and 
becomes elastic and of the consistence of india-rubber. It is insoluble in water, 
sparingly soluble in alcohol and ether, but is readily dissolved by a solution of 
potassium hydroxide. It shows an acid reaction towards litmus, and contains, 
usually, a small quantity of mineral matter. 

Undoubtedly dopplerite is a member of the group of substances now called 
“ulmic substances ”’ or “‘ ulmins,”’ which result from the decay of vegetable matter, 
or which can be prepared from certain organic materials such as the sugars. As 
regards the constitution of these substances very little 1s known beyond the fact 
that the presence of certain reactive groupings in the molecule have been recognised. 
As with many of the colloid substances the molecules are undoubtedly large and 
complex. According to Berthelot and André,!! ulmin is the anhydride of a polybasic 
acid, and partakes of the nature both of an acid and an alcoholic anhydride. Evidence 
of the presence of carboxyl groups in the ulmins is shown in the facts that on heating 
at a moderate temperature carbon dioxide is given off, and that they are readily 


1 “ Untersuchungen tiber die Hummussubstanzen,”’ Jour. prakt. Chem., Vol. 21, 
pp. 203-240, 221-370. 1840. 

2 “ A Contribution to the Chemistry and Physiological Action of the Humic Acids,”’ 
Biochem. Jour., Vol. 2, pp. 458-480. 1907. 

3 Sitzungsber, Akad. Wiss. Wien, 1849, 3, 239. 

4 Sitzungsber, Akad. Wiss. Wien, 1849, 3, 285-287. 

5 Sitzungsber, Akad. Wiss. Wien, 1849, 3, 287-293. 

6 Neues Jahrbuch, 1858, 278. 

7 Sitzungsber, Akad. Wiss. Wien., 1883, 86, 872-878. 

§ Monograph entitled Uber Torf und Dopplerite, Trogen. Pp. 88, Pl. 1. Zurich, 1883. 

® Scr. Proc. Roy. Soc., Dublin, 1903, 10, 1, 93. 

10 J.C.S., 1922, Vol. 121, 2345-2362. 

11 Ann. Chim. Phys., 1892 [VI], 25, 364. 
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esterified. It has been shown! that all ulmins, however obtained or prepared, yield 
protocatechuic acid on fusion with potassium hydroxide, which indicates the presence 


of the grouping— Q 


This grouping is present also in the lignone portion of the ligno-celluloses and in 
the tannins. Roger and Vulquin? investigated a peat ulmin which gave an analysis : 
C., 57-4; H., 3-1; N., 1:3; O., 32-8 per cent., on the presumption that its source 
was the ligno and pecto-celluloses, and that it contained groupings known to be 
present in these compounds. They were able to show that (1) pentosanes and 
hexosanes were absent ; (2) the alcoholic properties of the celluloses were preserved, 
for an acetyl compound and a compound analogous to cellulose thiocarbonate could 
be formed; (3) various constituents of the ligno-cellulose molecule were still in 
existence ; for example, a C, nucleus (as evidenced by the formation of protoca- 
techuic acid) and a secondary acetyl constituent (CH,—CO). The character of the 
unsaturated components of ligno-celluloses, capable of combining directly with the 
halogens, seemed also to be preserved. 

In their paper on dopplerite, Tideswell and Wheeler? state that most of their 
“information regarding the constitution of dopplerite is obtained from a study of 
the products of decomposition by heat of the dried material,” and ‘“‘in general” 
‘their “examination of dopplerite shows its constitution to conform with that of 
the ulmins as disclosed by the work of Roger and Vulquin.”’ 

Tideswell and Wheeler fractionally distilled under vacuum portions of dried 
(in an atmosphere of nitrogen) dopplerite, and in one case collected and examined 
the gaseous products and in the other the liquid products. Table 5 gives the volumes 
of the principal gaseous products, and Table 6 the liquid distillation products obtained 
by them. i 

TABLE 5 
VOLUMES OF THE PRINCIPAL GASES EVOLVED AT EACH TEMPERATURE 
PER GRAM OF ASH-FREE, Dry MATERIAL 


Ci G2 hat NITE: 


Temperature. 0-150° | 200° | 250° | 300° | 350° | 400° | 450° | 500° 550° | 600° 




















Carbon dioxide .| 4:8 | 11:0) 17-6) 14:7 | 84 |.4:2 | 3-0 3-0 Led 0-3 
Carbon monoxide} 0:3 OAs Sto anOcO mi Osan) Ose 7-2 8:8 | 10-0 
Hydrogen . |. = —} —]|] — | — | 2-0 | 7-2 | 19-2 4 29-1 | 30-6 
Paraffins . | o— Se 0°60 2-3 e556 4-0 Dede Le 
































1 Demel, ‘‘ Uber den Dopplerit von Aussee,”’ Monat. Chem., Vol. 3, pp. 763-769. 
Wien, 1882. 
Hoppe-Seyler, ‘‘ Ueber Huminsubstanzen, ihre Entstehung und ihre Eigen- 
schaften,” Zeit. Physiol. Chem., Vol. 13, pp. 66-121. Strassburg, 1889. 
* Roger and Vulquin, ‘‘ Contribution a l'étude des matiéres humiques de l’ouate de 
tourbe,’’ Compt. Rend., 1908, 147, 1404. 3 J.C.8., 1922, Vol. 121, pp. 2345-2362. 
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TABLE 6 


Liquip DISTILLATION PRODUCTS 














AQuEOUS DISTILLATE. OILS. 
Temperature. Percentages on original ash- Percentages on original ash-free, dry 
free, dry dopplerite. dopplerite. 
Water, Ammonia, Acids. Bases Phenols, Acids, Neutral Oils. 
Up to 90° : Sh ml a = — — — — 
(Fraction A) (Some methyl alcohol, 


but no aldehydes, 


ketones, or organic 








acids.) 
Between 90° and 270° | 15:0 ~—-0-008 0-10 | Traces | Nil 0-002 | 0-007 
(Fraction B) (The acid had anequiva- 


lent 416; acetic acid 
was present, and fur- 
fural 0-036 per cent.) 


Between 270° and 410°} 2:5 0-002 — | Traces | Nil 0-002 | 0-015 
(Fraction C) (Furfural was absent) 

Between 410° and 550°) 2:0 0-004 —- Not examined 
(Fraction D) 

Between 270° and 550°} 1:7 0-040 0-01 0:02 | 0-65 0-023 | 0:30 
(Fraction EK) (Organic acids, equiva- 


lent 285, and a weak 
base present ; no fur- 


fural) 


























Totals : Per cent. on original ash-free, dry dopplerite ; water, 28-0 ; ammonia, 
0-05; bases, 0-02; phenols, 0-65; acids, 0-14; neutral oils, 0-32. ‘‘ Cresols, dis- 
tilling between 190—200°, were isolated from the phenolic portion of the oils, their 
quantity accounting for about 75 per cent. of the total phenols, which had the re- 
actions of the simple phenols. No evidence was obtained of the presence of pyro- 
catechol or other of the polyhydroxyphenols.”’ 

“A saturated hydrocarbon, m.p. 45°, was isolated from the neutral oils by 
fractional solution and crystallisation from pentane and alcohol. The neutral oils 
also contained a carbohydrate decomposition product ; the remainder consisted of 
hydrocarbons, both saturated and unsaturated.” 

As has already been stated, “‘ulmins” are soluble in potassium hydroxide 
solution, and if they are present in bituminous coals then extraction with this re- 
agent shouldremovethem. It has, however, been found that on extracting anthracite 
with a solution of potassium hydroxide no “ ulmic compounds ”’ are obtained, and 
very little, if any, extract is yielded from the bituminous coals, whilst from the 
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lignites fair amounts are removed, and peat yields even larger quantities. The small 
amounts obtained from bituminous coals does not signify that “ ulmins ”’ were not 
present in the early stages of the formation of coal, and that they do not exist in 
the coal substance in a changed form, and insoluble in alkaline solutions. Tideswell 
and Wheeler (loc. cit.) incline to the view that through polymerisation and dehydra- 
tion, accompanied by the formation of anhydrides and lactones, the “ ulmins ”’ have 
become so changed in character that they have lost their “ characteristic ”’ solubility 
in alkaline solutions, and “that the amorphous cementing material for the numer- 
ous plant-structures in coal was originally a soluble ulmin, corresponding with the 
ulmins which surround and permeate the plant-structures in peat.” These workers 
also call attention to the fact that the tars obtained from vitrain! and dopplerite 
are very similar, so much so that sufficient evidence exists to show that both contain 
the same type of structure, “‘a structure derived from the celluloses of the plants 
from which the ulmin compounds were formed.” 

It has been pointed out by Mahler and others that substances having all the 
characteristics of ulmins are produced when coal is oxidised by the oxygen of the 
atmosphere, and Boudouard obtained ‘“‘ ulmins” from bituminous coal by sub- 
mitting it to the oxidising action of nitric acid. 

A. R. Pearson,” in a recent and very instructive paper, gives the name “ ultra- 
humin ”’ to the non-resinic constituents of coal, and states that the pyridine insoluble 
portion of coal consists of a-ultrahumins and that portion soluble in pyridine, but 
not “ resinic ”’ constitutes the B- and y-ultrahumins. It is interesting to note that 
this worker has obtained experimental evidence that pyridine is adsorbed by the 
ultrahumins. From the results obtained by acting’upon a-, 8, and y-ultrahumins 
it is concluded that these bodies contain a very stable molecular nucleus, in which 
nitrogen is included, probably in heterocyclic combination. For all the ultrahumins 
obtained from the coals examined this nucleus is the same, or nearly so, and when 
the oxahumins (prepared by treating the ultrahumins with concentrated sulphuric 
acid) are brominated to saturation, the oxidised nucleus, or at least some portion of 
it, still survives. 

The mineral constituents of coal hardly concerns this chapter, but it cannot 
be concluded without calling the reader’s attention to an interesting and very 
suggestive paper by Dr. R. Lessing? on this subject. It is stated that the com- 
position of the ashes of clarain and vitrain make it very probable that they represent 
mainly the remainder of the original plant ashes, and the presence of magnesia, 
especially in the ash of clarain, coupled with the fact that leaf-tissues are found 
in this constituent of banded coal, suggests the presence of degradation products 
of leaf substance containing chlorophyll. — 

Further knowledge of the nature of the constituents of coal substance is required, 
not only from the purely scientific point of view, but to enable the technologist to 


1 For particulars of these tars, see Tideswell and Wheeler, J.C.S., 1919, 115, 619-636. 

2 “Some new Derivatives of Bituminous Coal,” J.S.C.I., 1923, Vol. 42, No. 8, 68— 
Al We 

3 “ The Mineral Constituents of Banded Bituminous Coal,’ J.C.S., 1920, Vol. 117, 
pp. 256-265. 
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solve many of his difficulties in regard to the spontaneous combustion of coal, the 
classification and grading of coal for special purposes, the most satisfactory way 
in which to conserve our coal resources and obtain maximum efficiency with minimum 
of waste, and so on. 
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CHAPTER III 
COAL TAR, ITS COMPOSITION, ETC. 


Coat tar is such a familiar material that it is unnecessary to give a description of 
its appearance. It is a very complex mixture of chemical compounds, chiefly of the 
aromatic series. The manner in which it is prepared and the nature of the raw 
material (coal) influence to a wide extent its chemical composition and physical 
properties. Dealing first with its chief physical constant, specific gravity, this varies 
in practice between 1-070 and 1-215, according to the temperature of carbonisation 
or kind of retort employed. The lower-gravity tars are generally produced when 
low carbonisation temperatures are used, or if the coal is carbonised in chamber or 
vertical retorts. High heats in horizontal retorts produce tar of high specific gravity. 
Viscosity is affected in a similar manner. Reference to Tables 7 and 8 will illustrate 
these statements. 


























TABLE 7 
1 High Heat Tar. 1 Low Heat Tar. 
Horizontal Retorts. | Horizontal Retorts. 2 Vertical Retort 3 Chamber 
Temp. approx. Temp. approx. Tar. Retort Tar. 
1100° ©. 800° C. 
Specific gravity at 60° F. 1-207 1-000 1-10 to 1-12 1-18 
TABLE 84 
Tar ex English Coal. 
Viscosity—Engler degrees. 
Horizontal Retorts. Vertical Retorts. 
Atez0 1G: ' ; 550-0 39°3 
OG! 51-0 3-9 
Pe Ge ; ; 23:0 2-2 
Specific gravity 1-246 1-124 








The absolute chemical constitution of medium and high-temperature coal tars 
is far from settled, and even at the present day comparatively little is known about 


1 Lewis T. Wright, Jour. of Gas Lighting, Vol. 52, p. 169. 

* Higher figure from Proc. Inst. Gas Eing., 1908, p. 130. 

3 Gas World, February 26th, 1910, p. 262. 

4 Dr. W. Allner. See Jowr. of Gas Lighting, July 11th, 1911. 
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it. During the last few years a great deal of work has been done on low-temperature 
tar (chiefly lignite tar), and our knowledge of the constitution of this type of tar 
is rapidly increasing. Consideration will be given to this subject in another place 


in this chapter (see page 62). 


It is supposed that moderately high and high-temperature coal tars contain 210 
or more definite chemical compounds, and from the distillates and pitch obtained 
when these tars are submitted to the process of destructive distillation about 120 of 
these compounds have been definitely isolated. Of these, 58 are hydrocarbons, 
20 oxygenated compounds, 15 sulphur compounds, and 27 nitrogenous compounds. 
The following list gives the formule and some of the physical constants of the 


majority of these substances :— 











Name. Formula. 
Hydrocarbons. 
Methane series, C,H,,-+2 
Heptane (normal) CH,(CH:),CH, 
Octane (normal) C.H;s 
Decane (normal) Carlee 


Ethylene series, C"H,, 
Butylene (normal) 
Amylene (normal) 


CH,.CH,-CH : CH, 
CH CHo- CH; CH ci CHs 


Hexylene (normal) . (Cask, 
Cyclic Hydrocarbons, C,H,, 

Naphthenes, traces in coal 

tar : ; — 

Acetylene series, C,H,,,—2 

Crotonylene CHC CCH, 
Pentacarbocyclic series, 

C,.H.,—4 

Cyclopentadiéne on ie, Seu, 

Nonone : Ors kr 
Benzene series, C,H,,—6 

Benzene C,H 

Toluene C,H;CH, 

Orthoxylene . C,H (CH,)s 

Metaxylene C,H,:(CHs3),. 

Paraxylene : C,H,:(CH,). 

Pseudocumene 1: 2: 4 C,H,(CHs)s 

Mesitylene 1:3: 5 Cir (CH). 

Hemellithol 1:2:3 C,H;(CH3)s 

Ethylbenzene C.H.- Ceo, 

Cumene (isopropylbenzene)| C,H;CH(CH;),. 

Propylbenzene C,H CAH 

o-Ethyltoluene C,H,(CH,)C.,H, 

m-Ethyltoluene 1: 3 C,.H,(CH;)C.H; 


p-Ethyltoluene 1: 4 
Cymene 1:4 : 
Durene 1:2:4:5 . 


C,H,(CH3;)C.H; 
C,H, -CH,.C.H, 
CoH.(CHs3), 











Sp. Gr. 


0-712 @16° 
07038 @ 125° 
0-730 @ 20° 


06996 @ 0° 


0-815 @ 15° 


0-884 @ 15° 
0-872 @ 15° 
0-756 @ 14° 
08668 @ 19° 
0-862 @ 19-5° 
0-888 @15° 
0-865 @15° 
0-901 @ 15° 


0-866 
0-880 @0° 
@ 0° 


0-881 
@ 20° 


08722 @ 0° 


0°869 


| Boiling Point 
oC. 


Melting 
Point °C. 





97-5—-98° 
124° 





41° 
174° 


80:°56° 
111° 
142° 
140° 
138-5° 
169s 
164:-5° 
Vibe 
1375 
152° 
Tore 
158°-159° 
161°-162° 





175°-176° | 


L9G" 











80°-81° 
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Name. Formula, Sp. Gr. | ane Bout | oe ao 
Isodurene 1:2:3:5 Cait .(CH.); — 195° — 
Series, C,H..,—10 CoH; 
Indene . (Orda ais 1-0002 182° —- 
Hydrindene Cy eulio 0-957 @ 15° Le Ge —- 
Methylindenes Caythas —- -~ --- 
Dimethylindenes . ‘ —- — — 
Naphthalene series— 
Naphthalene C,H,,—12 (CL Aah, PIOl) @ 15" 218° 79° 
a-Methylnaphthalene Cio; CH; 1:0287 @ 12° | 240°-242° —22° 
/-Methylnaphthalene Cy u--CH, — Ae Ae eno ao 
Series, C,H.,—14 
Acenaphthene Cre io = 278° Oo 
Diphenyl - (OH =): — 254° i Oseg 
Gre =216 
Fluorene : Cys. — 295° LUG 
Anthracene series— 
Anthracene C,H.,—18 . C1.H 1 — aol 2163" 
Anthracene dihydride (Gre hes a als 106°-108° 
Anthracenehexahydride . @Hiee | = 290° 63° 
Monomethylanthracene C,,H CH, — > 360° 200° 
Phenanthrene C H,,—18 (apis ley — 340° 96° 
Fluoranthene CisH 10 | aaa { @ ae a aM 109° 
Pyrene . Cr gkbio — > 360° 148° 
Chrysene Casi — 436° 250° 
With partial 
ff C.H 1 decomposition 
18 12 ° 
Truxene 3 5 : it (C.7Hi8?) i a — 365 
Chrysogen . : : — — — 280°-290° 
Retene . (Crile Lees = 5507 98°-99° 
Crackene Cos 18 — 500° 308° 
With 
decomposition 
Oxygenated Compounds— 
Acetone : C;H,O 0-792 @ 18° 56°3° — 
Acetophenone C;,;H,0 1:032 @ 15° 200° 20-5° 
Phenol . C,H,;,OH 1-065 @ 18° 182-6° A2-D> 
o-Cresol 1 : 2 Gere (CH )(OE, 1-039 @ 23° LOIS 30°-31° 
m-Cresol 1: 3 ND Tey. 1-033 @ 19° 202-8° /— 
p-Cresol 1: 4 Do. 1-033 @ 23° 201-8° 35° D 
a-Naphthol C,.H,0OH 1-224 @4° 278°-280° 94° 
B-Naphthol C,,H,OH 1-217 @ 4° 285°-286° | 122°-123° 
Cumerone ; CiH0 — Lie — 
o-Methyleumerone . CH,C,H,O _ 190°-191° — 
m-Methylcumerone CH .C,H.0 1-056 @ 16° 195°-196° — 
p-Methylcumerone CH,C,H,O 1:0467 @ 15° | 197°-199° — 
£-Naphtholfuran C7.H.O — 934°=986° | 50°=51° 
Diphenylene oxide Crt .O — 275°-276° | 86°-87° 
Dioxydiphenyl | (OS AS Ay — 235°-236° 109° 





58 COAL TAR DISTILLATION 





Name. 


Sulphur Compounds— 
Carbon disulphide 
Thiophene 
a-Thiotolene . 
{-Thiotolene . 


Thioxenes Fipnmetlyletion 


phenes) several isomers 
Thionaphthene 
Diphenylene sulphide 
Methyl mercaptan . 


Methyl! sulphide 
Ethyl mercaptan 


KIithyl sulphide 


Nitrogen Compounds— 
Basic— 
Aniline 
Pyridine 
Picolines— 
a-Methyl-pyridine 
/-Methyl-pyridine . 
y-Methyl-pyridine . 
Lutidines— 
aa’-Dimethylpyridine 
ay-Dimethylpyridine 
a{’-Dimethylpyridine 
/y-Dimethylpyridine 
Collidines— 
aPa’-Trimethylpyridine 
afy-Trimethylpyridine 
Indol 
Quinoline feedteatne) 
I[soquinoline 
a-Methylquinoline 
y-Methylquinoline . 
Acridine 
Non-basic— 
Pyrrol 
Acetonitrile 
Benzonitrile 
Carbazol 
Phenyl-p-naphthyl- 
carbazol ‘ 























Formula. Sp. Gr. 
GSe 1-262 @ 20° 
C,H,S 1:062 @ 18° 
CH,-C,H;'S 1:0194 @ 18° 
CH,-C,H,'S 1:019 @ 18° 
C,H.S(CHs3). a 
C,H;s = 
(Or AS lAS > or ik 
CH,SH aoa 
Jf | 0°845 @ 21° 
(CH3).8 } : 0-870 @ 0° 
0-835 
CsHSH 4 | 0.839 @ 0° 
S| 0°8367 
(C.H;) 8 a 0-837 @ 0° 
C,H;NH, 1-027 @ 12° 
C;H,N 0-989 @ 15° 
CH, C,H, N 0-950 @ 15° 
CH,-C,H,-N 0-9771 @ 0° 
CH,:C;H,;N 0:9742 @ 0° 
(CH,).C;H,-N 0-942 @ 0° 
(CH,),C;H,'N 0-949 @ 0° 
(CH;).C;H3-N 7 
(CH;).C;H3-N ei 
(CH;)3°C;H."N 0:9132 @ 0° 
(CHs)s°C;sH oN gar 
C,H,N = 
C,H,N 10947 @ 20° 
C,H,N 1:099 @ 20° 
GH: Csi Niro — 
CH,'C H.-N — 
OnSEL EN — 
C,H;N 0-966 @ 21° 
CH,:CN 0-791 @ 14° 
C.H;-CN 1-060 @ 25° 
CyotN — 





QW 





Boiling Point 
Oe 


46-5° 
84° 
112°-113° 
1 


220°—221° 
332°-333° 
6° 
37°5° 
36°2° 


92° 


183° 
A Be 


129° 
140°-142° 
142°-144° 


142° 

157° 
162°-163° 

164° 


170°-172° 
165°-168° 
253°—254° 
239°-240° 
236°—237° 
238°-239° 
256°-258° 


130°-131° 
roll Re 
LOO 
351° 











Melting Point 
{es 


30°-31° 
ae 


— 22° 
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The chief constituents of coal tar will receive full attention in the chapters 
dealing with their recovery. 

This chapter will not be complete unless some consideration be given, as far as 
possible, to the formation of tar, or rather its constituents. 

During the years 1863, 1866, 1867, 1869, and 1877, Berthelot carried out a 
number of researches on the effect of passing vapours of hydrocarbons. through 
red-hot tubes, and he found that the simpler hydrocarbons of the aliphatic series 
by the removal of hydrogen atoms and subsequent polymerisation yielded aromatic 
hydrocarbons. or instance, from acetylene it was possible to obtain hydrogen, 
ethane, ethylene, benzene, styrolene, and naphthalene ; and from methane, propy- 
lene, benzene, and naphthalene. Consequently, Berthelot propounded a theory that 
many of the aromatic hydrocarbons of coal tar originated from acetylene by pro- 
cesses of condensation. In order to render the theory sound it requires that acetylene 
exhibits a stability at high temperatures above all other hydrocarbons, and that 
these latter under high-temperature conditions break down and form large quantities 
of acetylene, which, by condensation, are converted into various aromatic hydro- 
carbons. In 1908,1 by careful experimenting, Bone and Coward were able to show 
that methane and not acetylene is the most stable hydrocarbon at high tempera- 
tures, and this fact proves Berthelot’s theory to be unsound. However, the results 
of Berthelot’s researches, which were carried out before anything much was known 
of the constitution of coal, seemed to explain in a simple manner the way in which 
some of the aromatic hydrocarbons occurring in coal tar were formed during the 
destructive distillation of coal, and for a considerable period of time this explanation 
claimed acceptance. 

In order to consider the formation of moderately high and high-temperature 
tars in the light of present-day knowledge, it is necessary to study first of all the 
subjects of ‘‘ vacuum tar’ and low-temperature tar, keeping in mind at the same 
time what has been discovered in regard to the constitution of coal (see Chapter II 
and also journals, etc., referred to in the footnotes of that chapter and in the appended 
Bibliography). It is highly probable that most of the compounds found in high- 
temperature tars are produced by the decomposition of low-temperature tar com- 
pounds previously formed. 

By extracting coal with boiling benzene Pictet and Ramsayer? obtained Avaes 
carbons and oxygenated compounds, which corresponded to those recovered by them 
from the tar (“‘ vacuum tar”’) produced when coal is distilled in a vacuum. 

“ Vacuum tar” is produced by distilling coal in special apparatus at a pressure 
not exceeding 17 m.m. mercury, and the work done on this subject by Pictet and 
Bouvier and also Jones and Wheeler is of considerable interest to the student. 

A bituminous coal from Montrambert (Loire) was distilled at a pressure of 
15 m.m. mercury by Pictet and Bouvier,® with the following results: The distillation 


' Trans. Chem. Soc., 95, 1197 (1908) ; Coal and its Scientific Utilisation, 1918, p. 140. 

* Arch. des. Scien. phys. et nat. de Genéve, Vol. 32, p. 514; and Vol. 38, pp. 357-423. 

° A. Pictet and M. Bouvier, ‘‘ Ueber die Destillation der Steinkohle unter ver- 
mindertem Druck,” Ber. deut. Chem. Gesell., Vol. 46, pp. 3342-3353. 
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commenced at about 100° C. and was completed at 450° C., and in addition to gas 
and coke about 1-5 per cent. of an acid liquor free from combined ammonia and 
4 per cent. of tar were obtained. The tar was fluid, translucent, and of a clear 
brown colour with a slight green fluorescence, and its odour resembled petroleum 
rather than high-temperature coal tar. When freshly prepared its specific gravity 
was less than that of water; but on keeping it increased, and as this increase in 
density occurred in the absence of air, oxidation cannot be the cause of it ; probably 
it is due to polymerisation of certain of its constituents. Phenols appear to be 
absent, although several bodies of an alcoholic nature (very likely hydro-aromatic 
alcohols), constituting about 2 per cent. of the tar, were isolated. To four of these 
compounds Bonner and Kaiser gave the following formule :— 


C,H,,0, CsH,,0, CgH,,0 and C,9H,,0, 


but up to the present their constitutional formule remain unestablished. Extraction 
with dilute hydrochloric acid resulted in the recovery of about 5 per cent. of basic 
compounds, and two of these appear to have the formule C,,H,,N and C,.H,;N 
respectively. 

The balance of this tar consisted of a mixture of saturated and unsaturated 
hydrocarbons, but with the entire absence of aromatic hydrocarbons, such as naph- 
thalene and anthracene. Among the unsaturated hydrocarbons there were in all 
probability none of the ethylenic type, and in a further careful examination of the 
hydrocarbons of “‘ vacuum tar,” Pictet and Bouvier! succeeded in isolating six 
members of the series of hydro-aromatic hydrocarbons to which they give the 
following properties :— 

Refractive Index 


Hydrocarbon. Boiling Point. Sp. Gravity. niithe ermenere 
CH pei C. 0:7590 @ 20° C. 1-4212 
Chaat, 160°-161° C. 0-7680 @ 20° C. 1-4272 
cum 172°-174° ©, 0-7765 @ 23° C. 1-4196 
Cures 189°-191° C. 0-7838 @ 22° C. 1-4234 
Or AaEy, 211°-213° C. 0-7862 @ 21° C. 1-4293 
CiHee 227°-229° C. 0-7953 @ 20° C. 1-4379 


The hydrocarbon C,H,, they consider to be See lmao Lea, and to which 
they give the constitutional formula :— 


CH-CH, 
CH, CH, 
CH-CH, CH-CH, 

CH, 


* Comptes rend., 160, 629. See also Ber., 1914, 46, 3342, and Comptes Rend., 157, 
1436. 1913. 
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identified as hexahydrodurene (1.2.4.5—tetramethyl-cyclohexane) of the constitu- 
tional formula :— 


CH-CH; 
CH, CH-CH, 
CH-CH, CH, 
CH-CH; 


These workers! also obtained from vacuum tar a substance of the formula 
C,H,,0, and also three aliphatic alcohols, C,H,,O, boiling-point 185°-190° C., 
C,H,,0, boiling-point 230°-235°C., and C,,H,,0, boiling-point 215°-220° C. 
On another occasion Pictet and Bouvier? separated from this tar a hydro-aromatic 
hydrocarbon of the formula C3 )H,¢o, called melen, and it should be noted that this 
compound can be extracted from coal by boiling benzene. ® 

A sample of “ vacuum tar” prepared from a bituminous coal when examined 
by H. Tropsch* gave 27-6 per cent. of a low boiling neutral oil, 40-2 per cent. of a 
neutral oil boiling above 150° C., 1-6 per cent. of a substance very similar in appear- 
ance to bitumen, 21-0 per cent. of phenolic bodies, 0-49 per cent. of carboxylic 
acids, and 0-46 per cent. of other substances which were soluble in water, and also in 
solutions of caustic soda. 

As will be seen in what follows, the vacuum tars obtained by Jones and Wheeler® 
from a Scotch bituminous coal and also a Durham bituminous coal differed somewhat 
in their constituents to those of the vacuum tars obtained by Pictet and Bouvier 
which we have just dealt with. These differences may be accounted for, most 
probably, in the variations in character between English and French coals, although 
the methods of working and the apparatus used by these two pairs of workers varied, 
and these incidents may have contributed their quota. 

The two coals experimented upon by Jones and Wheeler were broken into 
fragments which passed through a 10-mesh and remained in a 60-mesh sieve, and 
then dried at 105° C., after which they were distilled in a vacuum fractionally, in 
stages of 50° until a temperature of 430° C. was reached. Means were taken to avoid 
reflux condensation of the liquid products, and so prevent any risk of change in their 
constitution taking place. The time occupied in the distillation of each coal was 
about five weeks. 

The aqueous liquor collected contained a trace of fixed ammonium salt (am- 
monium chloride) and free hydrochloric acid, and the tar obtained amounted to 
about 6-5 per cent. of the weight of the coal. This tar was submitted to distillation, 


1 A. Pictet and M. Bouvier, Arch. des Scien. phys. et nat. de Genéve. 1913, 1914. 
a Ber, 1915, 48, 926. 

5 Pictet and Ramseyer, Ber., 1911, 44, 2486. 

4 Brennstoff-Chem., 1921, 2, 312-313. 

5 Trans. Chem. Soc., Vol. 105, 1914, pp. 140-151. 
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and the hydrocarbon C,)H,, boiling between 172°—174°C. Pictet and Bouvier 
finishing at 300° C., when about one-half of it remained as pitch. The oils collected 
were carefully examined and found to contain the following substances :— 


(a) A group of unsaturated hydrocarbons (ethylenic) of uncertain composition » 
forming about 40 to 45 per cent. of the oils. 

(b) Liquid paraffins and naphthenes, the latter being in the greater quantity, 
and the whole accounting for approximately 40 per cent. of the oils. 

(c) Phenolic bodies, chiefly the cresols and xylenols, making up about 12 to 

15 per cent. of the oils. 

(qd) A number of aromatic compounds, in all probability homologues of naph- 
‘thalene, accounting for about 7 per cent. of the oils. 

(ec) A small quantity of solid paraffin possessing a melting-point between 
52-5° and 54° C., and a molecular weight of 373-7. 

(f) Traces of pyridine bases. 


Carbon disulphide, benzene, naphthalene, and anthracene were absent ; and only 
a minute quantity of the homologues of benzene, such as toluene, were present. 

In some further work! on this subject, Jones and Wheeler discovered that the 
liquid distillates obtained at 350° C. were the same in character as those obtained 
at 430°C. The yield of tar, however, was much less, being at 350°C., only 1:25 
per cent: by weight of the coal, as compared with 6-5 per cent. at 430° C. 

The table on next page gives a list of the chief substances which have been 
found, up to the present, in vacuum tars. 

The low-temperature tars may be divided into two classes: (1) those obtained 
by the low-temperature carbonisation of bituminous coals, and (2) those produced 
when the lignites are submitted to low-temperature carbonisation. At this point 
tars of the first class only will receive consideration owing to the important part 
which they play in throwing light upon the subject of the formation of high-tempera- 
ture tars. 

In passing it should be noted that there is an essential difference between 
low-temperature tars from lignite and from bituminous coal, and, according to 
F. Fischer and W. Gluud, tars from the former are semi-solid and from the latter 
liquid. These workers state that liquid paraffins exist ready formed in bituminous 
coal and they can be extracted therefrom, while only solid products can be extracted 
from lignite, and these bodies appear also in its low-temperature tar. Jones? points 
out that naphthalene occurs only in tars produced above 750° C., so that its presence 
in a tar is a proof that the latter is not a low-temperature product.? In the case of 
genuine low-temperature tar the specific gravity of the distillate collected between 
200°-3800° C. is below 0:95 at 20° C., whilst in the case of other tars a fraction collected 
between the same points will have a specific gravity of 1-00 or higher. 

The temperature at which coal should be carbonised in order to produce low- 
temperature tar differs according to various authorities. Fischer and Gluud* give 

1 Trans. Chem. Soc., Vol. 105, pp. 2562-2565. 1914. 


ded ball EP Boro EON EG 2a 3 F. Fischer and Gluud, Z. Angew. Chem., 1919, 32, 337-340. 
4 Z. Angew. Chem., 1919, 32, 337-340. 
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550° C. as the highest temperature, whilst Bone suggests 550° to 600° C., and J. D. 
Davis, of the U.S.A. Bureau of Mines, considers a higher temperature, viz. 750° C. 
as the most suitable. Another worker, 8. W. Parr, places the temperature limit 
at 800°C. Doubtless it is necessary to vary the temperatures within the limits 
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SOME OF THE CONSTITUENTS OF VACUUM TAR 


























Name. Formula. M.Pt.°C. BPt.-C: Remarks. 
Ammonium Chloride NH,Cl oo — 
Hydrochloric Acid HCl — — 
Saturated hydrocarbons— 
A solid paraffin Not known 52°5-54° — Small quantity. 
Unsaturated hydrocarbons— 
(Ethyleric) 3 Indeterminate — —_ A quantity. 
Aromatic hydrocarbons— 
Toluene and other homo- 
logues of benzene Cyn CH. -— BLAS Traces only. 
Homologues of naphthalene — — — Fair quantity. 
Hydroaromatic hydrocarbons— 
(Naphthenes) Hexahydro- 
mesitylene 5 Cid Ie 4 — 135°-137° 
GAH Bs 160°-161° | 
Hexahydrodurene Gores — Lie V4 | 
ed eh — 189°-191° 
way ic 211°-213° A quantity. 
CisHag — 22'7°-229° 
Melen . - : : CAs — 218° 
(0:5 mm.) 
Alcoholic bodies— 
C,H,,0 eg i 
Be ie 2 eae f Small quantity. 
C1oH 4,0 — — 
Phenolic bodies, chiefly— 
Cresols . C,H,CH,OH. . ] 
Xylenols O.H,(CH,),OH| ~ iz bain Se aeee 
Basic compounds— 
: ae J ay — — hair quantity. 


Pyridine bases : A — — — Traces. 





just quoted according to the class of coal it is desired to carbonise in order to produce 
a genuine low-temperature tar. 

At the ordinary temperature low-temperature tar is quite fluid, and its colour 
when examined in a thin layer varies between a golden-red and a deep wine-red. 
Its specific gravity is sometimes lighter and sometimes heavier than water, genuine 


1 Trans. Inst. Mech. Eng., No. 6, October, 1921, p. 626. 
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samples testing between 0-95 and 1:06. The chief constituents of this type of tar 
are paraffins, olefines, naphthenes, and phenols. Aromatic hydrocarbons occur in 
small quantity only. 

By distilling low-temperature tars with steam and discontinuing the distillation 
when only small quantities of oil came over, Fischer and Gluud! obtained distillates 
boiling mainly between 60° and 100°C. These distillates, after purification by 
treatment with alkali and acid, or with aluminium chloride, yielded perfectly coloured 
liquids which were unaffected by light and air. On examination they were found 
to contain naphthenes and paraffins, and in the case of the distillate from a tar 
produced from Minden coal a small quantity of benzene was found. 

Further distillation of these tars yielded fractions boiling between the range 
100°-125° C. and 125° and 190° C. respectively. The composition of these distillates 
were not definitely settled ; they appear to contain paraffins, naphthenes of higher 
hydrogen content than those found in the fraction 60°-100° C., and certain complex 
aromatic compounds. 

Low-temperature tars prepared by F. Fischer and W. Gluud? by carbonising 
bituminous and gas coals in a revolving furnace (which prevented the superheating 
of the tar and other distillation products) was found to contain naphthenes, highly 
viscous oils, and paraffin wax, with traces of acid and phenolic substances. 

An investigation into the nature of the paraffins obtained from a low-temperature 
tar produced in a Mond Gas Plant fed with gas coal has been carried out by W. 
Gluud,? and this worker finds them to be chiefly a mixture of normal saturated 
paraffins ranging from ©,,H;,) to C,9H. . Gluud considers that the paraffins are 
not absolutely products of secondary processes occurring during distillation, owing 
to the fact that small quantities can be obtained from coal direct by extraction with 
benzene at 260°-270° C. 

The same worker* obtained catechol from low-temperature tars produced from 
Lohberg and Saar gas coals. 

According to F. Fischer, H. Schrader, and C. Zerbe,®> low-temperature tar 
contains some of the derivatives of naphthalene, the chief of these being a- and 
B-methyl-naphthalene. The greatest amount of naphthalene derivatives occur in 
the fractions boiling between 240°-245° C. and 245°-250° C., obtained by distilling 
the tar. 

W. Gluud and P. K. Breuer® found that low-temperature tars always contained 
a large but variable percentage of constituents soluble in caustic alkali solutions, 
the amount of these bodies being greatest in tars obtained from gas coals, reaching 
in some cases to 50 per cent. of the tar. These workers obtained from Lohberg 


1 Ber., 1919, 52, 1053-1068. - 

2 Ges. Abhandl. zur Kenntnis der Kohle, 1917, 1, 114-142. Chem. Zentr., 1919, 90, 
11, 519-521. 

3 Ber., 1919, 52, 1036-1053. 

4W. Gluud, Ges. Abhandl. zur Kenninis der Kohle, 1919, 3, 66-74. See also 
Chem. Zenétr., 1919, 90, IV, 915. 

5 Brennstoff Chem., 1922, 3, 57-59. See also Chem. Zentr., 1919, 90, IV, 913-915. 

§ Ges. Abhandl. zur Kenntnis der Kohle, 1919, 2, 236-256. 
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(Dinslaken) gas coals, on submission to low-temperature carbonisation, 7 to 8 per cent. 
of gas liquor and 10 per cent. of tar. The gas liquor contained phenolic substances 
amounting to 0-1 per cent. of the weight of the coal originally taken, and this amount 
includes a mere trace of ordinary phenol and a trace of catechol. On distilling the 
tar, phenols appear in the fractions boiling above 200°C.; ordinary phenol is 
absent, but the three cresols, the xylenols and trimethylphenols are present. The 
yield of cresols amounts to about 0-6 per cent. of the tar, and meta-cresol is in the 
largest quantity. 

It should be noted that there is much less “free carbon ”’ in low-temperature 
than high-temperature tars. 

In the table following will be found a list of the substances which have been 
identified up to the present in low-temperature tars from bituminous coals. 


CHIEF SUBSTANCES FOUND IN LOW-TEMPERATURE TARS FROM BITUMINOUS COALS 





























Name. Formula. Sp. Gr. Big. ne . Dasa Remarks. 

Paraffins— 

C,H.,+2 Co,H5)to — — — Also paraffin 
Ceol co wax. 

Olefines— — — — — — 

Of high 

Naphthenes— — —-- —- — bisa 

content 

Phenols— 

* Phenol  . : C,.H;OH 1-065 @ 18° 182:6° — Mere trace. 
o-Cresoll:2 .| CH,-C,H,OH | 1:039 @23°| 191° 30°-31° | | Meta aves 
m-Cresol1:3 .| CH,-C,H,OH | 1-033 @19°| 208-8° oct ie, ee The 
p-Cresoll:4 . | CHyC,HyOH | 1-033 @ 23°] 201-8° | 35:5° | aera 
Xylenols . . | (CH;).C,H,-OH — Ae: = 

Trimethylphenols (CH3)3°C,H..OH AS = fae 
Catechol OH1 6 0 

(Pyrocatechol) EAE (ce io 230 ee 
Aromatic Hydro- 
carbons— 
Benzene . : C.H. 0-884 @ 15° 80-36° 5:48° | Small quantity 
a-Methyl naph- 
thalene Cree CHa oni} 0287.@ 12°) 240°-249°'| | 99° 
£-Methy] naph- 
thalene Cio CH, — 241°-242° | 32-5° 


Taking into consideration what has been said upon the constitution of coal, 
vacuum and low-temperature tars, it appears probable that the formation of high- 
temperature tar, when bituminous coal is destructively distilled, is due (a) to the 
passing unchanged, through the process, of some of the constituents which occur 
naturally in the coal (paraffins) and which are set free during the low temperature 

- 
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or initial stages of the operation ; (b) to the decomposition and also condensation, 
or polymerisation, of low-temperature tar constituents, these also being formed 
during the initial stages of carbonisation, and (c) to the direct decomposition of the 
constituents of the coal with, in many cases, subsequent polymerisations and con- 
densations. 

In the case of (a) it is very probable that some of the low-boiling paraffin bodies 
which occur in high-temperature tar get there in the manner just mentioned. It is, 
perhaps, advisable to study this case in conjunction with Jones and Wheeler’s 
“bound ” molecule theory, as many of the substances which are considered as being 
original constituents of coal may be in the state suggested by these workers. Briefly, 
this theory assumes, for example, that the paraffins are present in coal attached 
chemically (or physically) to non-alkyl groups, and that some change in their state, 
such as can be produced by moderate heating, must take place before they can be 
set free. Representing the alkyl group by RH and the “bound” molecule by 
RH-C,H.,+1, what happens when this molecule is submitted to a moderate tem- 
perature is shown by the following :— 


RH-C.H,,+1—» R-+C,H,,4+2. 


To illustrate case (b) the following examples will be useful. The naphthenes 
or cyclohexanes if subjected to high temperatures are converted into aromatic | 
substances, such as benzene with elimination of hydrogen. 


C,H, eee 3 He 


cyclohexane or hexahydrobenzene Benzene. 


On passing hexahydrobenzene through a tube heated to 500° C., D. T. Jones? 
obtained a liquid which upon examination was found to contain approximately 
20 per cent. of benzene, and also a gas which contained olefines and 26 per cent. 
of benzene. Zelinsky found that at 300° C. palladium black can eliminate six hydro- 
gen atoms from cyclohexane with the formation of benzene, and although the 
catalytic agent used by this worker is not present under the conditions obtaining 
when coal tar is formed, yet another suitable catalyst (or catalysts) may be present 
which will assist in the splitting off of hydrogen atoms at probably a higher or 
lower temperature ; our knowledge of catalysis and catalysts is at the moment 
very small, and every day new facts are being discovered in this most interesting 
and useful branch of physical science. It is interesting to note that when Zelinsky 
used the same catalyst at 100-110° C., a mixture of benzene and hydrogen was 
transformed into cyclohexane. 

As acetylene occurs among the primary products of the destructive distillation 
of coal, in all probability a portion of the benzene found in coal tar is formed by the 
polymerisation of this hydrocarbon; and it is also probable that small quantities 
of both naphthalene and anthracene owe their formation to the coupling up of 


1 Trans. Chem. Soc., 1914, Vol. 105. 
2 Trans. Chem. S06. LO PALGS2 wl OO ote 08 eT olin 
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acetylene molecules with benzene or naphthalene respectively, with the elimination 
of hydrogen. 





Cis! 
CH CH As, par 
il = W i 
Ue (i ee ‘ae en 
CH = CH 
Cit 
3 molecules acetylene. One molecule benzene. 
CH CH CH Ci 
C 
CH CH \\\ 
CH CH Cri 
ar CH a “ir Hy 
CH CH Hl CH CH 
(lel C 
CH Ci Gi 
One molecule benzene. Two molecules acetylene = One molecule naphthalene + One molecule 
hydrogen. 
CH CH CH 
c \\\ 
ees 
CH 
C GE CH CH 
Gia Ci CH Cli! Cr 
One molecule naphthalene + Two molecules acetylene = One molecule anthracene + One molecule 


hydrogen. 


Ethylene and other olefinic bodies are found in low-temperature tars, and the 
work of J. H. Zanetti and M. Kandell,! upon the synthesis of anthracene from 
benzene and ethylene, points to a possible source of this aromatic hydrocarbon 
so far as high-temperature tar is concerned. These experimenters passed the vapours 
of benzene and ethylene, two parts of the former to one part of the latter, through 
a quartz tube heated to various temperatures in an electric furnace. They found 
the maximum yield was obtained at a temperature of 925° C., the amount of anthra- 
cene being 0-675 per cent. of the benzene taken. Above 925°C. there was a rapid 
separation of carbon and at 1000° C. anthracene was not formed. 

It is very probable that the quartz tube acted more or less as a catalytic agent, 
and different results may have been obtained if, say, a fire clay tube had been 


1 J. Ind. Eng. Chem., 1921, 13, 208. 
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employed. Other conditions which may affect the result are variations in pressure, 
speed of flow, and the presence of other gases. 

The theory of Bone and Coward! is an important one, and concerns the case 
now under consideration. It is: That during the high temperatures existing in 
gas retorts and coke ovens while the process of coal carbonisation is going on, the 
primary or low-temperature distillation products of coal undergo the loss of hydrogen, 
and at the same time (according to the temperature obtaining) there is a loosening 
or dissolution of the bond between the carbon atoms. In the case of dissolution 
residues such as : CH and : CH, are formed, and as these residues cannot exist alone, 
they may (1) by hydrogenisation in an atmosphere of hydrogen form methane, 
or (2) break down into hydrogen and carbon, or (3) form by combination with 
similar residues HC: CH or H,C: CH,. 

It is thought possible that if there is a great concentration of nascent molecules 
of, say, HC : CH or H,C : CH, condensations may take place with the formation of 
aromatic bodies. 

Three examples are given below :— 


ACETYLENE 

[(@) HC : CH, or benzene. 
CH GH==(2(% CH))*-=. (6) 9202-7 

lo) plus 3H,=2CH, 
Polymerisation to C,H, 


ETHYLENE 
(a) C,H,+H, 
CH, : CH,=(2( : CH)+H,)=, (6) C.+H.+H, 
(c) plus 2H3=—2CH, 
Condensation to C,H, | 


ETHANE . 
(a) C.H,+H, 
CH, + CH3;=(2( : CH,)+ H,) =4 (6) 2C+2H,+H, 
(Gjplosel AGH. 


In dealing with case (c), as with case (a), some consideration must be given to 
the “bound ”’ molecule theory of Jones and Wheeler. Should the assumption of 
these workers be correct, then the production of at least some of the paraffinoid and 
cyclohexane bodies found in coal tar is due to direct decomposition of the coal 
constituents. 

At the present state of our knowledge it is very difficult to say what the chemical 
constitution of coal is, and what little light has been shed upon it is derived partly 


1 Trans. Chem. Soc., 93, p. 1197. 1908. Coal and its Scientific Utilization, 1918, 
p- 140. 
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from deductive reasoning (a) from the results of vacuum and low-temperature dis- 
tillations of coal, and (b) from investigating the substances, obtained by extracting 
coal with various solvents. In regard to the latter, it should be noted that before 
submitting coals to the action of solvents, they have, after powdering, been dried 
at temperatures round about 105° C., either in the ordinary atmosphere or in an inert 
gas, or dried am vacuo. During extraction the solvents are heated, and are at 
somewhat elevated temperatures when they come in contact with the coal. Do 
these conditions alter the original state of certain of the coal constituents which are 
dissolved out ? Possibly they do. Also there is the likelihood of some of the solvents 
used, say, pyridine or phenol, reacting chemically with certain bodies in the coal, 
changing their original form and yielding in the extract compounds dissimilar to 
those existing in the coal substance. However, extraction methods should not be 
discouraged as they, in conjunction with other methods of investigation, combined 
with newer and more skilful technique, will in the future, without doubt, elucidate 
this most difficult problem. 

By extracting a French coal with benzene, Pictet and Ramseyer! isolated a 
hydrocarbon possessing the following constitutional formula :— 


He Ho 





C 
H 


He He 


which, when heated, yielded fluorene and hydrogen. These workers also obtained 
from coal, by a similar method, dihydrotoluene and dihydrometaxylene, and it is 
probable that a portion of the toluene, m-xylene, and fluorene found in coal tar 
originates from these bodies. 

Jones and Wheeler,? by the use of pyridine on coal, and then submitting the 
extracted matter to the action of chloroform, obtained three groups of compounds : 
(a) those constituting the insoluble residue from the pyridine extraction of the coal ; 
(6) those constituting the insoluble residue from the treatment of the pyridine 
extract with chloroform, and (c) those constituting the portion of the pyridine 
extract soluble in chloroform. The (a) and (6) groups they termed “ cellulosic ” 
and the (c) group “‘resinic.”” When destructively distilled® the (a) and (b) groups 
yielded among other substances, phenols. The (c) group was found to contain alkyl, 
naphthene, and unsaturated hydrocarbon radicles attached to larger and more 


1 Ber., 1911, 44, 2486. 2 Trans. Chem. Soc., 1916, Vol. 109, pp. 707-714. 
3 Trans. Chem. Soc., 1915, Vol. 107, pp. 13818-1324. 
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complex groupings, and this group when submitted to destructive distillation yielded 
chiefly paraffins, olefines, and naphthenes. It is probable that at higher tempera- 
tures than those used by Jones and Wheeler, and especially under different con- 
ditions (e.g. those under which high temperature tar is produced from coal), the 
olefines and naphthenes exist only momentarily and by condensation, and the loss 
of hydrogen respectively form aromatic hydrocarbons. 

It will, no doubt, appear quite clear to the reader that the present state of our 
knowledge precludes making any definite statements in regard to the various re- 
actions which take place during the formation of coal tar, and that at the moment 
the opinions advanced are more or less speculative. As an example take the case of 


CoH, 


carbazol | SN. It is supposed that this substance is formed from aniline 
CoH, 
according to the equations following :— 
C,H, CyH ee ee 
Let) eee ener ofa (b) ee | /NH+He 
C,H, CoH, 
or 2. 20,H,;NH,=NH,+H,+ | NH 


oH, 

Now, how is the necessary aniline formed ? It is supposed that its formation 
comes about by the reaction of ammonia with benzene or phenol. But exactly how 
benzene, phenol, and ammonia originate from the constituents of coal has yet to 
be settled. 

The continuation of careful research work in connection with the constitution 
of coal and the constituents of “‘ vacuum” tar, coupled with the study of pyro- 
genetic reactions will, as time progresses, add much to our knowledge ot the forma- 
tion of the constituents of high-temperature coal tar. 

A fact to be borne in mind is that the coal tars turned out by the many gas- 
works in the world vary very much not only in their ultimate chemical composition, 
but in regard to the percentage and quality of the distillates and the pitch obtained 
from them when submitted to distillation in a tar distillery. In practice, coal tar 
on distillation is split up into the following chief fractions: Ammoniacal liquor, 
crude naphtha, light oil, ight creosote or carbolic oil, creosote, anthracene oil, and 
pitch, and it is from these that many valuable products are recovered. 

It has been proved in practice that the nature of the raw material and the 
temperature of carbonisation affect the chemical composition, and, therefore, the 
quality of the tar. Dealing with the first condition, very shaley coal, or cannel coal, 
produce tars which yield on distillation products containing a large quantity of bodies 
of a paraffinoid nature. As paraffins are undesirable substances to certain users of 
coal tar distillates, the occurrence of these bodies will, of course, in such cases lower 
the market value. Practical working has shown that North Country coal yields 
a tar which on distillation gives a fairly low percentage of light oils and a rather 
high yield of creosote, naphthalene, and anthracene, while tar produced from Midland 
and Yorkshire coals yields on distillation rather more light oils and less creosote, 
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naphthalene, and anthracene; that is, if comparative methods of carbonisation 
and temperatures are employed. 

Withreference to the effect of thetemperature of carbonisation on theconstitution 
of tars, it is found that those produced at low temperatures yield on distillation, in 
addition to phenols of the carbolic acid series, phenols of a different series rather less 
acid in behaviour, and probably of the creosol and guaiacol type. Also, there is a 
smaller yield of naphthalene and of the benzene hydrocarbons, and a large percentage 
of hydrocarbons of the paraffin and olefine series. Instead of most of the nitrogen 
occurring in the form of pyridine bases it appears in the form of aniline and its 
homologues. The amount of “ free carbon ” is also small- On the other hand, high- 
temperature tars, 2.e. those produced at high heats of carbonisation of coal, yields 
on distillation only traces of paraffinoid hydrocarbons, the predominating hydro- 
carbons being those of the benzene, naphthalene, and anthracene series. The 
nitrogen occurs principally in the form of pyridine bases, and the phenols consist 
chiefly of carbolic acid and its homologues. The percentage of “‘free carbon” is 
generally high. In the writer’s opinion the high percentage of “‘ free carbon ”’ is not 
due so much to the high heats employed as to the shape of the retort and the amount 
of free space. This is borne out by the comparatively low “free carbon ”’ content 
of tars from heavily charged retorts, and the very low “free carbon”’ content of 
vertical retort tar. It has been found in practice that tar obtained from heavily 
charged retorts is of a superior quality to that produced from light charges, in that 
it is much thinner, contains less “ free carbon ” and a higher percentage of light oils. 
This type of tar appears to hold less water in suspension, which is a distinct advan- 
tage. Figures! on record show that there 1s a drop in the specific gravity from 1-185 
to 1-105. In lightly charged retorts, in which there occurs a good deal of free space, 
it appears that some of the constituents of the gas and tar are “ cracked,” or broken 
up, into substances of lower molecular weight, and “free carbon,” and the latter 
substance to a very large extent is carried up the ascension pipes and arrested by 
the tar in the hydraulic main. Table 9 illustrates this and gives other useful informa- 
tion. 




















TABLE 9? 
| Tar from ; 
Works using | Works using Continuous 
high heats |moderate heats Vertical 
and and fairly Retorts. 
light charges. | heavy charges. 
Per. cent. Per cent. Per cent, 
Water : 2:0 2-0 2-0 
Light oils. ; ‘ ib ot) 6-0 5-6 
Carbolic and creosote oils 14-0 32-0 4] -4 
Anthracene oil 5-0 4-0 4-0 
Pitch = : : : 1850 56-0 47-0 
‘“* Free carbon ”’ in pitch 36 Li 0 5-5 








+ Jour. of Gas Lighting, October 12th, 1909. 
* E. G. Stewart, Trans. Lond. and Southern District Junior Gas Assn., 1911-1912, p. 43. 
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The average results of some practical distillations made by the writer, using 
Yorkshire, Northern, and Midland tars, are given in Tables 10, 11, 12. 






































TABLE 10 
Yorkshire Tar. Northern Tar.1 
Gallons per Per cent. Gallons per Per cent. 
ton tar. by weight. ton tar. by weight. 
Ammoniacal liquor . les 0-82 25-10 ileD 
Crude naphtha ; 10-5 4-36 2-20 0-9 
Light oil ; ; 12-3 5-43 6-70 3-0 
Creosote . : ; 53-5 24-84 33 -60 15-6 
Anthracene oil 4 6-0 2:92 21-40 10:4 
Pitch , : : 11-5 cwts. 57:80 11-60 cwts. 57:5: 
per ton per ton 
TABLE 11 
MIDLAND TAR 
Gallons per Per cent. 
ton tar, by weight. 
Ammoniacal liquor 4-50 2-06 
Crude naphtha 4-36 1-82 
Light oil 18-20 8-20 
Middle oil : 9-20 4-26 
Creosote and anthracene oil 31-80 15-10 
Pitch 12-90 cwts. 64-50 
per ton. 
TABLE 12 
ULTIMATE Propucts FROM MIDLAND Tar 
90’s benzol . 1-85 gallons per ton. 
90 per cent. at 160° C. 3°10 2. Mh 
Heavy naphtha WEES mae oe 
50’s earbolic. 50 ae Es 
Cresylic 54050 Ye, 
Pyridine bases 230 tame Pe 
Creosote Saray) WER . 
Pitchs: 13:20 ewts. =. 


When considering the low-temperature tars the fact that they contain paraffinoid 
bodies should not be overlooked. Coalite tar is a member of the class of tars con- 
taining these bodies. This tar varies in specific gravity between 1-050 and 1-070 ; 


1 A very watery type of tar. 
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it contains practically no “free carbon” or naphthalene, and the first products 
of distillation are very volatile. It is these distillates which contain the paraffin 
bodies, and from the tar distiller’s point of view the value of the tar is much reduced 
by this fact. It should find use as a fuel oil, or if sufficient volume can be obtained 
to warrant separate storage and distillation, the lighter distillates could be employed, 
after rectification, for motor spirit and the heavier distillates for fuel oil. Table 13 
gives the results of two analyses of coalite tar. 


TABLE 138 
(a)? CoaLiTE TAR (b)? 
Specific gravity . 1-07 Specific gravity . 1-075 

Per cent. Per cent. by vol. 

Below 170° C. 10-8 Water 2-64 

WO 2705.6: 20:0 Up to 170° C. 3°10 

210°—350° C. 30-0 170°—225° C. 13:72 

Pitch 39-2 225°—-240° C. 8:35 

240°—270° C. 8°35 

270°—300° C. 8:80 

300°—320° C. 12°31 
Per cent. of Tar. 

Pitch 40-00 


‘On examination a sample of coalite pitch gave 85-1 per cent. of volatile matter 
by the method given on page 388, 99-6 per cent. of combustible matter, and 0-35 
per cent. of ash. ; 

Unfortunately, vertical retort tar exhibits the same fault as coalite tar in that 
it contains paraffinoid bodies. On this account it is not possible to prepare from it 
suitable benzole and toluole from which to manufacture pure benzene and toluene 
and their derivatives. From an inspection of Table 14 it will be seen that the specific 
gravity of this tar and also the “ free carbon ”’ content are very low. On distillation, 
compared with coal tar from horizontal or inclined retorts, it yields a smaller percen- 
tage of benzole and toluole, very little phenol, and practically no naphthalene. The 
pitch is of a finer quality than that obtained from horizontal or inclined retort tar, 
in that it 1s brighter and contains very little “free carbon.” 


TABLE 14 
VERTICAL REToRT Tar (DESSAU) 

: 2 é Per cent. by weight. 
ECHR a we Ammoniacalliquor . 4:40 
‘“‘Kree carbon” . 1-06 Up to 170° C. 3°75 
Volatile in pitch . Lisi 170°-270° C. 33°60 

—— 270°-350° C. 8-00 
Specific gravity of pitch 1-19 Pitch 48-25 





1 Gas World, May 5th, 1909, p. 654. 
* Prof. Lewes (see Chem. Trade Jour., December 28rd, 1911, p. 633). 
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TABLE 15 


VERTICAL Retort Tar (GLOVER-WeEst Continvuovus)! 


Per cent. by weight. 


Specific gravity . pene lia Water = seo) ih) 
: Per cent. Light oils to 170°C. . 5:0 

. Free carbon” . . 340 Carbolic oils to 230° C. 16-0 
Pitch very soft Creosote oils to 270° C. 8-9 
Anthracene to 310° C. 7:9 

Pitch . 60-9 


J. Dickson? gives the following results of the working up of 163,370 gallons of 
vertical retort tar. 





TABLE 16 

Sp.gr.oftar  . PARDO 
Per cent. Galls. 
Water Pe Tai Crude naphtha, sp. gr. 0-930 = 12,249 
Oise) 10 Came nee WES Light creosote 7 plc 020- 250-059 
Oat 10 Cee ~=20'02 Prepared tar ee e600 103880 
210stO ola ae 200 Liquor 5 oz. strength =e Os U0 
Pitch Oca Distillation loss aloe 
100-00 163,370 


Pitch contained 5-23 per cent. of “free carbon.” 


The following table, by the late Mr. J. West, gives the average amount of ben- 
zene, toluene, and paraffin bodies yielded from vertical retort tar as compared with 
horizontal retort tar. 


TABLE 17 
Vertical Retort Horizontal Retort 
Tar. Tar. 
Benzene . Cee efaper cent: 1-4 per cent. 
Toluene . yobs? 0: eae 
Paraffins . VAOBSE Pep Traces. 


In Tables 18, 19, and 20, by G. H. Sharples,? some interesting comparisons are 
made between vertical and horizontal retort tars. 


1 D. Fulton, Gas World, March 13th, 1915, p. 298. 
2 Gas World, October 26th, 1918, p. 251. 
% Gas World, September 8th, 1917, pp. 159-160. 
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TABLE 18 
ANALYSIS OF TARS FROM SAME CLASS OF COAL 
ia Horizontal Vertical 
Retorts. Retorts. 
eed. Per cent. Per cent. 
Water 1-55 2°42 
Crude naphtha . 2-62 | 9-44 
ae ets 12-06 18-55 
Light oils 9-44 16-11 
Carbolie oil 12-09 14-10 
Creosote oil 13-00 21-47 
Pitch 61-30 43°38 
Loss = 0-08 
100-00 100-00 
Specific gravity of tar at 60 1-20 1-075 
TABLE 19 
ULTIMATE ANALYSIS OF TARS FROM SAME CLASS OF COAL 
Vertical Retorts. Horizontal Retorts. 
Gals. Per Pounds Gals. Per Pounds 
cent. cent. ton coal 
per ton coal per 
ton by carbonized ton by pols 
: weight. : . weight. | bonized. 
90’s benzole 1-340 0-515 0-747 2-507 0-984. 1-299 
90’s toluole 0-832 0°317 0-460 0-818 0-318 0-420 
Solvent naphtha 4-252 1-615 Die, Dae Ohl 0-986 1-302 
Total naphtha 6:424 | 2°447 3-549 5-862 | 2-288 | 3-021 
Heavy naphtha 6-240 2-409 3°493 3-979 1-652 2-178 
Refined pyridine 0-354 0-160 0-232 0-160 0-76 0-100 
Heavy pyridine bases 0:832 | 0-383 | 0:555 LL659)  0°5320) 7 0° 702 
60’s carbonic acid 2-311 1-074 0:557 0-200 0-094 0-124 
Cresylic acid 12-48 5-913 8-574 5-230 2-451 3 +234 
Light creosote 16-039 | 7-126 | 10-339 \ 
i Z -902 
Heavy creosote . 66-102 | 31-009 | 44-965 f pe AU URES 
Naphthalene 6-839 3°455 5-017 9-00 4-620 6-098 
Pitch : , : z — 43-380 | 62-901 == 66-425 | 87-7 
Amm. Liq. 3-3 per cent. NH; 5-366 2-420 2-030 2-980 1-356 1-800 
Loss : : : a Bias 0-224 0-325 0-280 0-125 0-165 
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TABLE 20 


AMOUNT OF PARAFFINS IN LIGHT DISTILLATES FROM VERTICAL AND HORIZONTAL 
RETORT TARS 




















From Vertical Retorts. From Horizontal Retorts. 
Paraffin. Sp. Gr. Paraffin. | Sp. Gr. 
Per Cent. Per Cent. | 
90’s benzole. 19 0-865 0-881 
90’s toluole : 12 0-863 Below 1 ee Oe i 
Solvent . : 6 0:851 0-871 











A very interesting set of figures dealing, so far as the tar is concerned, with the 
effect of passing steam into vertical retorts during carbonisation will be found in 
Table 21. These figures have been taken from the Fourth Report of the Research 
Sub-Committee of the Gas Investigation Committee, the tests being carried out at 
the Uddingston Gasworks.! 


TABLE 21 
ANALYSES OF CoAL 
Proximate analysis :— 1 2 3 s 5 
Moisture : : she 10-9 10-1 10-5 10:3 
Volatile matter eg ler. 32-4 32:5 32:6 33-1 
Fixed carbon. . 50-5 49-9 48-9 49-9 50-0 
Ash ; gees) 6:8 8-5 7-0 6-6 
Ultimate analysis of dry coal :— 
Ash 28 78e 6-8 8-5 7-0 6-6 
Carbon . , , . 745 75:3 74-1 74-6 74:2 
Hydrogen ; Aer aie 5-6 6-0 5-4 5-6 
Sulphur O13 del 1-1 | 1-2 
Nitrogen 5 é sya Lee Ts ie 2-1 2-0 
Oxygen . : ee Oi, 9:3 8-4 9-8 10-4 


DETAILS IN REGARD TO TEMPERATURES AND STEAM USED 


Average temperature of circulating 


flues a ; we ula O18 Gl 12928 E11 28s e096 Ae) 
Average temperature of combustion 
flues. : P21 Se I S9S 1177s S186 OCU aae 
Steam passed into retorts :— 
Diameter, approximate, of nozzles Nosteamygin. ein. ~ ye in. zs In. 
Pressure on nozzles in lbs. per 
sq.in. . : : . — Normal 5:16 10:02 15-20 


1 Gas World, June 5th, 1920, pp. 492-504. 
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Steam delivered per nozzle in lbs. 1 2 3 4 5 
per minute . ; oo WES) ois AE 2-16 
Total steam usedintons  . = 28-0 45-9 63-2 100-1 
Steam per cent. on coal used - 13:3 22-1 32-7 44-8 
Tar (dry) in gallons pertonofcoal 13-2 16-4 16-8 20-4 21-2 
ANALYSES OF TAR 
Sp. gr. @ 60 Fahr. : | AROS 1:083 1:082 1-081 1-082 
Per cent. by volume :—: 
TAgUOT, .. ee 02 3:41 4-71 5-40 5:33 
50/90 benzole . : . 0°34 0-31 0-31 0-26 0-23 
90/160 naphtha : ; | RSH! 0:93 0-87 0-88 0-65 
90/190 naphtha eee lOo 1-46 1-34 1-64 1-49 
60 F.carbolic . ; . 0:24 0-24 0-23 0-24 0-25 
Creosote and Anthracene, includ- 
ing tar acids . . 48-27 44:10 40:87 38:63 38-22 
Benzene with paraffin v9 SUERTE 0-29 0-30 0-24 0-15 
Benzene (corrected) . BS dbee! 0-24 0-24 0-20 0-12 
Toluene with parafhn. ; 7 apa 0-25 0-25 0-29 0-24 
Toluene (corrected) . eee sy, 0-23 0-23 0-27 0-22 
Per cent. by weight :— 
Pitch (med. soft) . 48-50 49-80 52:80 53-60 56:90 
“ Free carbon ”’ in tar ; eee co0 1-30 TG 0-70 0-40 


The results of some tests made by the late Mr. J. West on tar obtained from 
Haigh Moor Coal will be found in Table 22.1 These figures are of interest, as they 
show the effect of high and medium temperatures upon the tar when the coal is 
carbonised in vertical retorts, and also the type of tar obtained when using horizontal 
retorts. While these tests were being carried out, Dr. F. M. Perkin suggested passing 
stripped gas through the retorts with the idea of increasing the volume of tar and 
other liquid products. The proposal was carried out, and it was found that the 
tar yield increased by two to three gallons per ton of coal. 


TABLE 22 
ANALYSIS OF COAL 
Moisture. : ; . 2-29 per cent. 
Volatile matter. . Otol GAte a 
ASD ; ae eS te 
Test carried out in horizontal test plant. 
Time of carbonising . . 4 hours. 
Temperature of carbonisation. 
Outside retorts. we lgio..Ce) bee ee 
Inside retorts ; meetac. Gxt ce 


1 J. West, Gas World, November, 1917, p. 242. 
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Test of dehydrated tar. 
O07 to L703: 
170° to 230° C. 
230° to 360° C. 
Pitch and loss 


Test carried out in vertical retorts (Glover- West). 


Temperature outside retorts 


Tar per ton of coal, dehydrated . . 16-06 


Am. sulphate per ton of coal 


Analysis of tars. 
Specific gravity 
0° to 170° C. 
170° to 230° C. 
230° to 360° C. 
Pitch and loss 


10 per cent. 
[a bee 
Zee 
Laer 
High Tempr. Medium Tempr. 
1362° C. 1160-0 
galls. 16-5 galis. 
23-60 lbs. 26-00 lbs. 
1-143 1-072 
3°14 percent. 4-6 percent. 
LS: (aes PARAL a 
SPANE a > aes 
44-22, A229 Jie 


The effect of steaming on vertical retort tar is admirably shown in Table 23.4 


TABLE 238 


CoaL USED 


ORRELL Nuts 





High temps. 
Five days’ 
experiments. 
Temperature outside 
retorts (average) . 1393°.C. 
Tar per ton dehydrated 16-8 galis. 


Am. liquor, 10 oz. per ton Dono mee 





Specific gravity . ; a 

OO TO) Gz. se. 1-50 per cent. 
1707 40.2307 Co =; Loe % 
230° to 360°C. . |36-00 “~ 
Residue é : 4 46-75 


High temps. 
Two days’ 
steaming to make 
Blue Water Gas. 
25 lb. pressure 
through 4-inch 
Nozzle. 





1397.20: 
17-7 galls. 
oo O0ge. 
1-0905 
2:5 per cent. 

13°5 5 
37-0 &, 





47-0 . 











High temps. High temps. 
Two days’ Two days’ 
steaming to make|steaming to make 
Blue Water Gas. | Blue Water Gas. 
40 lb. pressure, | 45 1b. pressure. 
4-inch Nozzle. | 4-inch. Nozzle. 





1387° C. 1415°C. 
20-0 galls. 17-8 galls. 
43-9 ,, —— 
1-0146 1 -0665 
1-5 per cent.| 2-0 per cent. 
13°5 af 10-0 a 
3090 eee 44-0 
45-5 3 44-0 


In Table 24 are given some very interesting figures showing the effect of con- 
tinuous steaming of coal during distillation in Glover-West vertical retorts. The 
experiments were carried out by J. H. Blundell.? 


1 J. West, Gas World, November 10th, 1917, p. 348. 
2 Gas World, November 3rd, 1917, pp. 322-326. 
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TABLE 24 


WitH STEAMING 
Per ton coal. 


Ammoniacal liquor, 10 oz. 32-68 galls. 

Tar ; ; , HW ef 

Specific gravity oftar . 1-08 

Crude Products. ie dea sou a ke by 
Ammoniacal liquor at 2-17 per cent. NH,. 12-69 5-66 
Crude benzole, sp. gr. -873 : me Lle23 4-38 
Middle oil, sp. gr. -980 (up to 270°C.) =. ~—-60-00 26-25 
Heavy creosotes, sp. gr. 1-047 . 45:50 21-26 
Pitch, medium soft ; 41-00 
Loss. 1-45 
100-00 
Products after further Treatment. 
90’s benzole . ~ al 0-71 
90’s toluole . ; ; ee 0-02) 0-37 
Solvent naphtha . . : . 4:04 1-57 
Taracids . . 20-65 9-68 
Crude pyridine. 00 1-09 
Total creosote. : . 84-18 37-58 
Pitch : ; 41-00 
Ammonia water and loss ; 8-00 
100-00 


The tar contained 4:58 per cent. of “free carbon.” 


WITHOUT STEAMING 
Per ton coal. 


Ammoniacal liquor, 10 oz. 25:3 galls. 

Tar. ; : LU-o Jaa 

Specific gravity oftar .. 1-087 

Crude Products. Sergi Lae Det ae by 

Ammoniacal liquor at 2-6 percent. NH; . 9-21 4-1] 
Crude benzole, sp. gr.-860 : ee OU 2°80 
Middle oil, sp. gr. -968 (to 270°C.) . . 57-86 25-00 
Heavy creosote, sp. gr. 1-03. : . 40-92 18-82 
Pitch, medium soft AT:7 
Loss. é ; : 1-52 


100-00 
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Products after further Treatment. 


Gallons per cent. Per cent. by 
5 of tar. weight. 

90’s benzole . , ; 5 Rae 0:46 
90’s toluole . : . 0-50 0-19 
Solvent naphtha . ' jo, erie 1-09 
Pareacids aes : ~ WheBew 8-84 
Crude pyridine. : ; ee avr 1-25 
Total creosote ; 5 HAT) 30°92 
Pitch . : ; : AT-75 
Ammonia water and loss é : 6-50 

100-00 


The tar contained 5-20 per cent. of “free carbon.” 


Some important figures are given in Table 25 relative to a vertical retort tar 
obtained from Kent coal. They were obtained by the late Mr.J. West.1 
TABLE 25 
Test PLANT, GLOVER-WEST VERTICAL: 4 RETORTS 
Coal used : Kent coal ex-Beresford seam 


Analysis of Coal 


Moisture. 1-95 per cent. 
Volatile matter : SABRE 1. 
Ash . : : ve JBROAL FP 
High temp. Low temp. 
Duration of test. 4 days 4 days 
Temperature taken . 1400° C. sifer (er, 
outside retort 
Tar per ton of coal . ; 6 galls. 10-89 galls. 
(dehydrated) 
Am. sulphate per ton coal 11-6 lbs. 26-2 lbs. 
Analysis of Tars 
High temp. Low temp, 
Specific gravity @ 60° Fahr. 1-051 1-036 
0° to 168° C. . 2-90 per cent. 0° to 160° C. 5-00 per cent. 
168° to 228° C. re TBI) me. 160° to 240° C. 16:50 __,, 
288° to 268° C. eo ae 240° to 360° C. 27:00 __,, 
Pitcp oer : . oo - 5 D0 
Benzole in tar 1:53 eee 1-68 M3 
Toluole in tar . : ge) OU meee 0:34 i 


1 J. West, Gas World, November, 1917, p. 341. 
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In Table 26 is given the analysis of a tar obtained from Dessau vertical retorts, 
and this is compared with a horizontal retort tar. 


TABLE 26 
Dessau Vertical Retort 
Tar. 
Specific gravity @15-5°C. . 1-113 
“Free carbon” . : . 4-0 per cent. 
Tar Acids . oe 
Distillate :— 
Up to 170° C. SHO 
170° to 270° C. Za ieee 
210 to 300° C. SHO) ale 
Veaqiela. 9 50-0 


99 


Horizontal Retort 


Tar. 


1-220 


17-25 per cent. 


3:0 


4-9 
18-4 
o:0 
60-6 


99 


In Table 27 will be found some figures relating to tar obtained from Woodall- 


Duckham vertical retorts. 


DISTILLATION OF TAR OBTAINED FROM WooDALL-DUCKHAM 
VERTICAL RETORTS 1 


Up to 100°C. . 
100°-130°C. . 
130°-170° C. 
170°—230° C. 
230e=3 71020. 
270°-330° C. 
330 -—350° C. 
350°-370° C. 
Pitch 


TABLE 27 


oels 
Moderate heats. 
Per cent. 


1-5 
1-0 
2°2 
11-4 
eS) 
18-0 
12-4 
12-0 
24-0 


No. 2. 
Higher heats. 
Per cent, 


0-6 
6 
0-4 
16-2 
14-2 
15-7 
6-9 
We) 
30°2 


The writer considers the figures given by Tooby for the pitch are rather too 
low. On the practical scale distillation is stopped at a temperature varying between 
310° and 320° C., whereas in the table the residue above 370° C. has been taken 


as pitch. 


Tars obtained from coke ovens are usually viscid and sometimes more or less 
sticky, and they vary in specific gravity from about 1-100 to 1-200. 
coke oven tar per ton of coal averages out at about 9 gallons, and the distillates 
obtained from this kind of tar contain far more paraffin bodies than those from 


The yield of 


+ Chas. F. Tooby, ‘‘ Notes on the Working of the Woodall-Duckham Installation of 
Vertical Retorts at Windsor Street, Birmingham.” M. J. G. Assn., Gas World, January 


24th, 1914. 
G 
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horizontal or inclined retort tars ; in fact, coke oven tar can be considered as a paraf- 
finoid tar. The amount of paraffins in this tar is increased if the ovens are fully 
charged with uncrushed small coal, and if this type of coal is used and it is desired 
to keep the paraffin content of the tar low, then it is necessary to lightly charge the 
ovens, allowing some free space above the charge, and to keep outside temperature 
the same as before.t In by-product coking it is usually the practice to employ 
crushed coal, fully charge the ovens and work at high temperatures ; between 1200° 
and 1400° C. outside the ovens. This procedure keeps the paraffin content of the 
tar on the low side. 
In Tables 28, 29, 30, 31 will be found the analyses of four coke oven tars. 


TABLE 28? 
CokE OvEN TAR 
Light oils up to 170°C. . 24-9 per cént. 
Creosote oils. Fo VA ie sp 
Heavy oil : eee) wane 
Above 270° C. : : ed | Lede > 
Pitch (per cent. of total tar) . 28-0 _,, 
‘oFree carbon’ in tare. ca ce: Sito) es 
TABLE 29 
KLONNE CHAMBER OVEN TAR 
Specific gravity @ 68° Fahr. .  1-1359_ 
Ammoniacal liquor . . 2-0 per cent. 
‘* Free carbon ”’ ; haa er) 
Tar acids ee O Lea 
Napthalene . ; me: Ole, 
Pitch of good quality cA 
TABLE 302 
SEMET-SOLVAY COKE OvEN Tar 
Specific gravity , ee lel 7 0 
Light oil, 80°-170° C. ieee Der Cent, 
Middle oil, 170°-230° C. .. Pao Osa, 
Creosote oil, 230°-270° C. he TE ae 
Anthracene oil, over 270°C. . 43. ,, 
Pitch we = (Oe ase 
Water . , as 


* A. H. Middleton, ‘‘ Construction of Coke Ovens,’’ Paper read before the Coke 
Oven Managers’ Association, December 20th, 1919. 

2 W. Chaney, Gas World, June 21st, 1913. 

° V. B. Lewes, The Carbonisation of Coal, 1912, p. 205. 
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TABLE 311 

DISTILLATION OF COKE OVEN TAR (DRY SAMPLE) 
CEO . 0-65 per cent. 
LUsto230. C: ; wreOetS rs 
Jato 2.0: CO;  Aesests) . 

Pr eroco00 4 C. é £38 5-60 rs 

S00. Ge. ; ; 5 VANS) 3 
Pitch, softening pomt 59°C. . 68:09 ,, 


Blast furnace tar is recovered from the gases which leave those blast furnaces 
fed with coal, generally of the type known as splint coal. The nature of this tar is 
somewhat different to that of the tars obtained when coal is carbonised for gas 
production ; its specific gravity is lower and it is sometimes lighter than water 
[approx. 1-010—0-960], contains little or no naphthalene, benzene and anthracene 
are practically absent, but toluene and the xylenes, chiefly meta-xylene, are present, 
and it contains a large quantity of phenolic bodies, many of which are not of the 
same series as carbolic acid. Among these bodies are found phenol in very small 
quantity, a larger amount of the cresols, and greater quantities of meta-xylenol, 
pseudocumenol and the naphthols, and in all probability phenols of the guaiacol and 
creosol type. It is to the presence of these higher boiling and less corrosive phenolic 
bodies that blast-furnace creosote owes its value as a raw material in the manufacture 
of high coefficient disinfectants. The paraffin content of blast furnace tar is high. 
Table 32, due to Watson Smith, gives the analysis of a blast-furnace tar. 


TABLE 382. 
Specific gravity of the tar : 0-954 Volume. Weight. Sp. Gr. 
Fr z Water 30°60 = 32:3 1-007 
Distillate below 230° C. Oil 2.9] 9.8 0-899 
230°-300° C. ; 6:97 U1 0:971 
300° C. until oils solidity smi <= Iisa: 0-994 
Paraffin scale . ’ bO-7O eel is —- 
Coke — 21:5 -- 
Loss ; : --- 5:5 —— 


Water-gas tar fresh from the water-gas plant contains a considerable quantity 
of water, which is held in a more or less emulsified state. The amount may be 
below 40 per cent. or much above 60 per cent. This water is usually separated by 
centrifugalising the heated tar, and a dehydrated tar is often obtained by this means 
which contains about 1 per cent. Water-gas tar is a more or less fluid material of 
an oily nature, and its specific gravity varies between about 1-010 and 1-140; natur- 
ally the amount of emulsified water present will affect the specific gravity. In 
colour this tar is brownish black, and its content of ‘free carbon” is generally 


1 J. Curry, Gas World, April 1st, 1922, p. 14 (Coking Section). 
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very low, often not more than a trace. Paraffin bodies may or may not occur in 
water-gas tar; tar from a plant which is working properly is free from these bodies. 
It is notable that pyridine and other basic substances, and also phenols, are absent 
from this tar. The benzenoid hydrocarbons and also naphthalene and anthracene 
occur in varying quantities, and the high-boiling substances which go to form pitch 
are present in a much smaller quantity than in coal tar. In Tables 33, 34, 35, 36, 37, 
will be found the analyses of various samples of water-gas tar. 


TABLE 331! 
Water ; 6-5 per cent. 
Light oils distilling up to 170°C. . apa} ody 
Middle oils __,, P50. me -() sane: 
Heavy oils ___,, er 210 Ce ee OD ee 
Anthracene oils . 1 t <42-0 Dees 
Specific gravity . oh L086 aeeeee 
TABLE 342 
Water-gas tar obtained from water gas carburetted with Russian crude oil. 
Benzole +) alo pericent: 
Toluole Re cation) | ge 
Light paraffin : 0: on 
Solvent naphtha. L796 
Phenol . , ; traces. 
Middle oil 229: ae 
Creosote oil . : 2420 
Naphthalene . ; . 1:28 + 
Anthracene . ; 0:93 ieee 
Cokes. : : 30: SO 
TABLE 353 


WATER-TAR GAS 
Specific gravity of the tar _. 1-100 


Per cent 
ages: 
g0° to200°C. . . gad B Ou 
| 3 Water. 
900° to 270° C. . Bore solids. Chiefly naphthalene ; 0-82 per cent. 
| 17-7 oil. anthracene. 
270° to the formation 6-0 solids. 25-6 per cent. anthracene. 
of pitch : . | 26-5 oil. 3:0 per cent. anthracene. 


1:7 semi-solid. ) 
B-Oroil! i 0 per cent. anthracene. 


1 Zwarg, Jour. f. Gasbel., 1911, p. 837. 
* Mathews and Goulden, Gas World, 16, p. 625. Fuschers Jahresber., 1892, p. 77. 
’ A. H. Elliott, Amer, Chem. Jour., 1884, p. 248. 
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Sample. 
Water 
Light oil 
Middle oil 
Heavy oil 
Anthracene oil 
Pitch 


TABLE 36! 
WaTER-GAS TARS 

L o) 

1-5 1-0 

3°5 6:5 

30°5 9-0 

20-0 18:5 

25-5 42-0) 

19-0 23-0 
TABLE 3872 


Specific gravity at 15° C. 

** Free carbon ” 

Tar bodies (bitumen, pitch) 

Tar acids , : 

Solid napthalene. 

Distillate below 170° C. 
Peetrome 11010, 205° C, 
- Pee 20D 1 0s200 eC. 
g Pees. LOr200- OC. 
r WeDo a t0.210- ©: 
3 Wie OmeLO LO eC. 

Residue above 315°C. 


WATER-GAS TARS 


3. 4. 
— 1-39 
5-80 15-45 
3716 — 


34:34 42-39 
39-91 18-23 


1-13" 

0-60 per cent. 
51-0 
none. 


99 


99 


0-50 per cent. 


VREO sg 
(Oe 
el Ogee 
DOU mEs.. 
L300 Games. 
‘12405 
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The particulars given in Table 38° relating to a cannel coal tar will no doubt 


be of interest. 


TABLE 38 


TAR FROM HINDLEY CANNEL 


Tar yield per ton of cannel 
Specific gravity @ 20°C. . 


Distillation : 


Up to 170°C. 
170° to 230° C. 
230° to 270° C. 
270° to 330° C. 


Pitch (brittle) 


* L. Schmitz, Die Flussugen Brennstoffe, 1912. 


* Forest, United-Otto-Ofen. 


8 gallons. 
1-149. 


6-8 per cent. 


15-5 
8:95 

22-9 

45-0 


29 


99 


99 


99 


° F. S. Sinnatt and M. Barash, Bull. 6, Lancs. and Cheshire Coal Research Assn., 


1920, 15. 
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It appears that the yield of naphthalene is much smailer and the yield of anthra- 
cene much larger from cannel tar than from coal tar. 

The constitution of low-temperature tar obtained from bituminous coal has 
already received attention [pp. 62-67]. However, the following further particu- 
lars and tables dealing with this class of tar, (a) obtained from lignites and (b) from 
true coals will, without doubt, prove useful for purposes of comparison. 

In Table 391 will be found the analysis of a low-temperature tar obtained by 
carbonising coal (bituminous) at a low temperature in rotary retorts. The yield 
of tar per ton of coal carbonised amounted to 20 gallons, and the quantity of cresols 
recovered averaged 20 per cent., while the amount of “free carbon” in the pitch 
obtained by distilling the tar varied between 0 and 4:5 per cent. 


TABLE 39 


Light oils up to 180°C... ; 4-75 per cent. 
Medium oils from 180°—230° C. . 201)0 ne 
Heavy medium oils from 230°-270° C. 14-50 ” 
Heavy oils from 270°-320°C. . 24-00 
Pitch eae ; ; SHON) x 
Loss: . ; ihe ees 


F. Fischer and W. Gluud? by using a revolving furnace avoid the super-heating 
of products of distillation and obtained considerable quantities of low-temperature 
tars which are characterised by the presence of naphthenes, highly viscous oils and 
paraffin wax, and by the absence of aromatic compounds. Gas coal and cannel coal 
yield 10 per cent. and 14 per cent. of tar by weight respectively, whilst gas coals in 
tar recovery producer systems yield 15 per cent. of tar. The following table [ No. 40] 
is given as a contribution to the knowledge of the properties of these tars. 


TABLE 40 


Tar from low temperature Tar from producer 
distillations. systems. 
Bituminous Gas Gas 


coal. coal, coal. 

% % % 

Non-viscous oils 33°5 15-0 17-7 
Viscous oils (lubricants) . 15-2 10-0 alee 
Phenols. ; 14-0 50-0 37:8 
Solid paraffin . 00-4 1-0 0-8 
Resins. : ; 4-2, 1-0 0-7 
Pitch ; : ; 19-2 6-0 15-0 
Loss and water : 13-5 17-0 16:7 


1 Harold Nielsen, Gas World, November 12th, 1921, p. 433. 
* Ges. Abhandl. zur Kenntnis der Kohle, 1917, 1, 114.. See also Applied Chemistry 
Report [S.C.1.], Vol. 4, p. 57. 
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It would appear that the tar derived from complete gasification systems possess 
many of the characteristics attributed to low-temperature tar. 

W. Schneider! examined two low-temperature tars, one obtained from a non- 
bituminous Rhenish lignite containing 15 per cent. of moisture and 3-4 per cent. 
of bitumen, and a Central German lignite containing 20-30 per cent. of moisture 
and 15-16 per cent. of bitumen. The tars were prepared by distilling the lignites 
with superheated steam, the maximum temperature being 450° C., and a Fischer 
and Gluud apparatus was used. The tars differed in consistence from low-temperature 
tars obtained from pit coal (bituminous coal), their setting points were 33° C. and 
37° C., and their specific gravities at 50° C., 0-995, and 0-883-0-890. On submitting 
these tars to fractional distillation in superheated steam the following results were 
obtained. 


TABLE 41 
Bituminous Non-bituminous 
Low-temperature tar from 100 lignite, lignite. 
kilos of lignite (dry substance) 24 kilos of tar 7-6 kilos of tar 
(16 per cent. creosote) (36-38 per cent. creosote) 
Viscous oils (freed from phenols) 17-2 per cent. 14-8 per cent. 
Viscosity at 20°C.,°Hngler Oe Rone 
ee U2: i Zod 3°6° 
Comprising fractions :— 
(a) Of high viscosity 1-73 per cent. 2-8 per cent. 
CeO ie Hi.) (Vie za 7 AS Bs) 
(6) Of medium ,, : 13-01 per cent. 8-9 per cent. 
(V 22=11-4° H;) (Vi -=8:-5 2H.) 
(c) Of low 4 ; 2:47 per cent. 3-1 per cent. 
(V%22=0-4~ Ei) (Veeco wi Mrs) 
Hard and soft paraffins (montan 
wax, etc.) : : 29-4 per cent. 13-0 per cent. 
Non-viscous oils. 25: 20-2 
Acid fraction Kissy ok 24-7 - 
Resin ; ; TPs Raber Pg lke 


Pitch o. : ; : : 3:2 or) 8:5 ” 


At the moment lignite tar is not a commercial commodity, at least in Great 
Britain, but the analysis given in Table 42 is of interest to compare with tars 
obtained from bituminous coals. 


1 Ges. Abhandl. zur Kenntnis der Kohle, 1919, 2, 80-127. Chem. Zentr., 1919, 90, 
IV, 935-937. 
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TABLE 421 


LIGNITE TAR 
Proximate Analysis of Lignite :— . 
Fixed carbon . a Lowy 
Volatile matters —. ; : pee oot 
Sulphur . 1-17 
Ash , : : hc oy (PAD LD) 
Water . é . 20-56 
100-00 
Yield of tar, gal. per ton lignite . ; : 4-5 
Specific gravity of tar : 1-18 


Analysis of Tar :— 
Light oils (at 170°C.) : 4-4 
Middle oils (between 170° and 27 O20) el 3:6 
Heavy oils (between 270° and 300° C.) 6:8 


Pitch ae ; : en 

100-0 

Benzole and toluole . 0:3 

Tar acids . ; : 2-2 

Naphthalene. 1-8 

Yield of liquor, gal. per ‘iain hemes ~ + 35°2 
Analysis of liquor :-— ; Per cent, 
Ammonia 0-41 


In Table 43 is given the analysis of a tar obtained from a complete gasification 
plant, the results of some very useful work by Frank H. Robinson.” This investigator 
states that “ Owing to the lower temperature in the retorts, a thin tar is obtained 
which has had no time to be ‘‘ cracked ”’ because of the water gas sweeping the gas 
forward to the ascension pipes as quickly as it is produced.” 


TABLE 438 


The coal carbonized was a mixture of Yorkshire and Durham, an average 
sample as charged into the retorts giving the following analysis :— 


Per cent. 
Moisture. ’ stl 
Volatile matter : 329-50 5 
Fixed carbon . . 57-00 ) Dry basis. 
Ash : é . 13°50 


1 Gas World, August 14th, 1920, p. 122. 2 Gas World, May 7th, 1921, p. 369. 
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Specific gravity. 


Water 


e 


Light oils to 170°C. . 


Oil, 170°—230° 
55 230°—270° 
55 270°—300° 

Residue (pitch) 


From complete 


gasification plant. 


UR: 


5:2 per cent. 


1-6 
ov4 
13-8 
(oe 
68-8 


100-0 


No naphthalene separated from oils on standing overnight. 


89 


From 


horizontal retorts. 


1-20 


3-5 per cent. 
Ls rs 
Spee ee 
EO.) ae oes 
let ey 
68-6 . 


LOO: Uses. 


*Hractions 170° to 270° rich in naphthalene, and became semi-solid on cooling. 
Fraction 270° to 300° deposited considerable crop of crystals. 
In Table 44 details of the analyses of tars obtained in the production of Carbo- 
coal are set out, and for comparison the analysis of a coke oven tar is given. Tor 
particulars of Charles H. Smith’s Carbocoal process the reader is referred to the 
journals mentioned in the footnotes 1, 2, 3, 4. 





| Distillation 





temperature. 

Cent. 

Light oil 0-170 

Middle oil 170-230 

Creosote oil 230-270 

Heavy oil 270-360 
Pitch — 
Loss — 

Totals 
































TABLE 44 
Carbocoal, Carbocoal, 
By-product first second 
coke oven. distillation. distillation. 
Per Per Per 
Gal. cent. Gal. cent. Gal. cent. 
0:27 3°47 1-58 6:60 | 0-003 0-05 
0:44 5-85 3°29 13-70 | 0-036 0:60 
0:78 10°37 3:11 12:95 | 0:126 2-10 
1-26 16-81 8:88 37:00 | 2-485 41-42 
4°66 62-18 6-90 28°75 | 3-290 54-83 
0:09 1-32 0-24 1-00 | 0-060 1-00 
. | 7-50 100-00 |24:00 100-00 ;, 6-000 100-00 


In Table 45 will be found an analysis of a tar obtained from an American coal 


when carbonised in the “‘ Glasgow ”’ continuous-intermittent vertica 


low amount of soft pitch should be noted. 


1 


9 
“ 


5 


Gas World, October 5th, 1918, Coking Section, p. 17. 
i eee G20e oOSty ed o.02l LOIS s697A.. Ji5.Cl., 192), 517. 
3 Gas J., 1919, 147, 504. 
4 W. Savage, Chem. and Met. Eng., 1918, 19, 597. 
Gas World, November 19th, 1921, pp. 446-447. 


l retorts.° The 
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TABLE 45 
ANALYSIS OF CoaL UsEp 

As fired. Dry. 
Fixed carbon 5 4 58-89 59-81 
Volatile matter . 4 30-94 Blea 
Asha , ‘ : 7:78 7:90 
Sulphur. *85 86 
Moisture. , ’ 1-54 Nil. 

100-00 100-00 
Nitrogen. ; 1-52 1-54 











ANALYSIS OF TAR OBTAINED 





Sp. Gr. 1:0609 
“‘ Free carbon ’’ content 2-090 per cent. (by weight) 





By weight. | By volume. 




















Ist distillate up to 170° C. (338° Fahr.)— 

Water . : : : : : 12-0 1 

Ist ight oils . ; : ; 6-9 Beal 
2nd distillate up to 230° C. (446° Fahr.)— 

2nd light oils . 3 : ; : 16-2 15-6 
3rd distillate up to 270° C. (518° Fahr. )— 

Creosote oils . : : : : 8-2 Es) 
4th distillate up to 310° C. (590° Fahr. )— 

Anthracene oils : : : : OD 929 
5th distillate— 

Oils above 310° C. : é 12-3 1 Baa | 

Pitenisott). ae : : : : oa] 

Loss : : : : : 8 

Total : ‘ 100-0 





In a paper read before the Scottish Junior Gas Association, Dr. Davidson! gave 
some interesting figures dealing with the variation in the composition of tar according 
to the kind of retort and the carbonising temperature employed. These figures will, 
no doubt, be found useful for the purpose of comparison, and they are reproduced 
in Table 46, The figures are reckoned on the dry basis. 

Table 47 gives the distillation tests of several types of tar, and it will, no doubt, 
be found useful for making comparisons. 

Table 48? is interesting in that it enables a comparison to be made between 
high and low heat horizontal tar, Dessau vertical retort tar, and coke oven tar. 


* “Tar and Liquor.’’ See Gas World, April 18th, 1914, pp. 523-527. 


> “Some features of Carbonisation and By-product Recovery,’ J. Thorp. See Gas 
World, May 3rd, 1919, Coking Section, p. 12. 
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It is the opinion of many that paraffinoid tars “ crack’ more readily than ben- 
zenoid tars while undergoing the process of destructive distillation, and with this 
opinion the author agrees. Reginald Cross! carried out some experiments with the 
object of proving this contention, and in Table 49 are given some figures obtained 
by this worker. 


TABLE 46 


WorKS SAMPLES FROM SALES TANKS 

















Free Percentage by volume. 
Specifi Carbon. 
Conditions. cee: Percent.) Up |-100° | 130° | 170° | 230° | 270° | Above 
SAD ES b to to to to to ECan e loo. .C. 


weight. |100° C.]130° ©.|170° C.|230° C.|270° C.|330° C. | (Pitch) 














Horizontal retorts. 

Two ascension pipes, 
charges 5? cwts. in 6 
hours, 1800° F. - | 1-182 | 16-4 1-4 thers) Of wi leer O2> lb oa | e60s9 

Two ascension pipes, : 
charges 64 cwts. in 6 
hours, 1950° F. Tels LOL Te 2053 

Two ascension pipes, 
charges mostly 12 ewts. 
in 12 hours, 1900° F. Pel 29M eS 49 2-0 0-6 Ova LS. Oae12e 8k 13*65) o1-7 

One ascension pipe, 
charges 94 ewts. in 8 
hours, 1950° F. ee lae2O0 ay 20-2 1-5 Ong Oss ie ie bali 8:5 | 64-7 

Inclined retorts. 

One ascension pipe, 
charges mostly 6 ewts. 
in 6 hours, 1900° F. . | 1-176 | 19-4 2-0 iS ¥ Occ lols betel l=4. 9:2 


bo 
—_ 
fl 
wy) 
S 
— 
—_ 
bo 
Ou 


TOS Swe oot 65-1 
































During the period of the Great War (1914-1918) the subject of increasing the 
yield of toluene from tar received a great deal of attention on account of the import- 
ance of this material in the manufacture of munitions of war. One of the most 
interesting investigations in this connection is that of G. Stevenson,? who finds 
that the mixing of limestone with coal prior to charging into the retorts increases the 
yield of toluene from the tar obtained. Some of the results he secured are set out 
in Table 50. : 

From time to time “ free carbon ” has been a subject of interest and speculation 
as to its composition. The result of many qualitative experiments has caused the 
author to come to the conclusion that this material is not pure or elemental carbon, 
but a mixture of this material with other bodies of a high carbon content. This 
conclusion is supported by the work of Hubbard and Reeve,? who have made several 
ultimate analyses of “free carbon” with the results shown in Table 51, and also 
by the work of J. M. Weiss.4 The result of an analysis of average “free carbon” 
from coal tars made by this worker is given in Table 52. 

1 Gas World, February 24th, 1917, p. 159. 
‘ Gas World, January 29th, 1916. 
4 


Proc. Amer. Soc. Testing Materials, 2 (1911), 665. 
Jour. Indust. and Eng. Chem., Vol. 6, No. 4, p. 279. April, 1914. 
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TABLE 49 


High tempera- 

















Low tempera- 








Tar tested. ture tar ture tar Vertical retort tar. 
(horizontal). (horizontal), 
*“* Free carbon ’”’ in tar LGeoo 8-3% Met o7 
** Free carbon ”’ in 29-45% 16-4% 10-00% 
pitch 
If no increase in “ free 
carbon,”’ due to “‘crack- 24-70% 135% 2-80%, 
ing,” the amount in the 
pitch should be . 
TABLE 50 


QUANTITY OF TAR TAKEN, 9000 c.c. 








Limestone used 

















Normal car- 3 
bonisation with Limestone used. and also 
oO” washing. No *C washing. BOT be washing. 
Crude naphtha 1 Orcc | 320 c.c. 508 c.c. 
Middle oils 720 c.c. 850 c.c. 800 c.c. 
Toluene in tar, lbs. 0-97 0-41 1:01 
per ton of coal 
TABLE 51 
From To 
Carbon 90-17 94-26 
Hydrogen 2-59 3°31 
Oxygen ie areal 
Sulphur 0-50 1-78 
Nitrogen—no trace upon a qualitative test. 
TABLE 52 
Carbon 89-85 
Hydrogen 3:30 
Nitrogen 1-10 
Oxygen 3°13 (by difference) 
Sulphur 1-28 
Mineral ash . 1-34 


The inference drawn by Weiss from many of his experiments is that the solvents 
used actually enter into combination with some of the constituents of the tar, and 
that the longer the time allowed for the solvents to act the larger the amount of 
compound formed and the greater the amount of insoluble residue (“‘ free carbon ’’) 


obtained. 


It is highly probable that “free carbon ”’ plays some part in the water-carrying 
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property of tar, and this may be due to the emulsifying power which carbon possesses. 
For particulars of the action of carbon black as an emulsifying agent the original 
work of Schlepfert and also of Moore? should be consulted. W. W. Odell® considers 
that “free carbon ”’ is the emulsifying agent in the case of water-gas tar emulsions, 
and that these emulsions are of the type in which water is the inner phase. 

According to Reginald Cross? the effect of adding “ free carbon ”’ to a tar which 
is low in that substance is to increase the distillates up to 230°C.; but almost 
exactly at the expense of those following, the percentage yield of total oil obtained 
from the tar employed being the same in each case. This worker added to a vertical 
retort tar which contained only 1-11 per cent. of “ free carbon ”’ a further 10 per cent. 
of lamp black. This was added in small quantities, and well shaken up after each 
addition. Table 53 gives the results of the distillation, the last column being added 
by the writer. 

TABLE 53 


Results shown in Col. 1 


90 per cent. tar and 10 
calculated to original tar. 


per cent. carbon Same tar distilled alone. 











Per cent. by weight. Per cent. by weight. Per cent. by weight. 
H,O ; 4 
230°C. 19. 1 28-7 |_| 20 yt b 55.5) 21-22 eke a aeeme 
270°C. 101s (2° 19-6 eee ie 22)\ nee 
350°C. 16: 5 bee. 3 | 1973 cay 18-00 f~* ~~ J 
Pitch 45-1 | 40 | 





Table 54, due to J. Morris Weiss, gives the percentage of “‘ free carbon,”’ specific 
gravity, and the coefficient of expansion of a number of tars. The figures were 
determined on dry tars. 








TABLE 54 
‘* Free Specific Coefficient of 
Kind of Tar. - Carbon” | Gravity at | Expansion 
per cent. 60° F. for °F. 
Water gas : 1-04 1-073 -0003750 
oS : : 1-08 1-090 -0003550 
Gasworks coal ‘ 16-67 1-203 -0003125 
. 9 : 18-53 1-205 -0003125 
» 9 : 27-50 1-249 -0003100 
+ ss : 33°17 1-296 -0002700 | 
Coke-oven coal 8-97 1-185 -0003375 
» » 5-27 1-193 -0003350 
» ¥ 4-04 Delis -0003300 
» 9 ; 6-72 1-195 -0003250 
» ¥ : 6-65 1-197 -0003125 
+ ¥ 9-10 1-203 -0003125 
» 9 19-06 1-258 -0003075 
% ¥ 15-02 1-231 -0003050 


1 Jour. Chem. Soc., 113, 522. 1918. 2 Jour. Amer. Chem. Soc., 41, 940. 1919. 
> Gas Jour., 1922, 158, 152-153. 4 Gas World, February 24th, 1917, p. 159. 


Table 55 will, no doubt, be found useful for calculation purposes. 
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14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
o4 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


TABLE 55 


Sp. Gr. 





‘070 
‘075 
‘080 
‘085 
‘090 
‘095 
-100 
-105 
‘110 
“115 
-120 
-125 
-130 
-135 
-140 
°145 
-150 
-155 
‘160 
-165 
ST) 
ebTD 
-180 
‘185 
gL 90 
-195 
-200 
-205 
-210 
-215 
-220 
-225 





Fe Re eee el ee et pt et pe pet et 








Gallons per ton. 


209 -34 
208 +37 
207-40 
206 -45 
205 -50 
204-56 
203-63 
202-71 
201-80 
200-89 
200-00 
Looe bl 
198 -23 
197-35 
196-49 
195-63 
194-78 
193-93 
193-10 
192-27 
191-45 
190-64 
189-83 
189-03 
188 -23 
187-44 
186-66 
185-89 
185 -12 
184-36 
183 -60 
182°85 
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According to the Annual Reports of the Chief Inspectors of Alkali Works, the 
amount of tar distilled in the United Kingdom during the year 1920 is as follows :—- 
United Kingdom (not including Scotland). 


Scotland. 


Distilled in gas and coke oven works . 


39 


Distilled in gas and coke oven works 


39 


99 


3 


other works 


other works 


Tons. 
1,450,535 
117,788 


141,546 
103,551 


1,813,420 
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Allowing that one ton of tar contains 190 gallons, then this amount is equivalent 
to 344,549,800 gallons. 

From the reports on the year 1921 it appears that less tar was distilled in the 
United Kingdom during that year than on the previous year. The figures are given 
below :— 3 





Tons. 
Tar distilled in.gasworks and coke oven works . lL Low4o 
3 ,, Other works : : : : 40,008 
1,053,253 


Taking 190 gallons per ton of tar then this figure represents 200,118,070 gallons. 


CHAPTER IV 
LAY-OUT OF TAR WORKS 


ALTHOUGH at the present day there is a tendency to decentralise the process of tar 
distillation, the producer working up his own tar, and with this tendency the prob- 
ability of erecting further large centralised tar distilleries is reduced, the author 
thinks it is very important that the student or work’s chemist who wishes eventually 
to fill a position as chemical engineer or works manager, should possess some know- 
ledge of the lay-out of such a works ; hence this chapter. 

The choosing of a site upon which to erect a tar distillery, or as.a matter of fact 
any kind of chemical works, is a very important procedure and one to which very 
careful consideration should be given. Transport facilities (Inward and outward), 
proximity to source of supply of raw material, local geology, and physical geography 
are items of great importance in this connection, and if not dealt with properly will 
stand in the way of efficient and economical working. 

It is not always possible to find a site which offers rail, canal or river, and 
main road transport facilities, but this ideal. combination should be kept in mind. 
The frontispiece and Figs. 11, 12, 13 illustrate ideal sites. Instances may occur in 
which the matter of carriage on raw material make it necessary to forgo one or other 
of the transport facilities just mentioned ; for instance, a works collecting tar from 
a number of inland towns in close proximity may have to do without canal or river 
transport. 

In regard to local geology the author’s experience leads him to think that this 
is a matter which is neglected more often than not, and when it is the result is more 
or less costly repairs or structural alterations. There are positions which possess 
all that is required in regard to favourable transport facilities to and from the works, 
upon which it would be very unwise to build ; for instance, if at a moderate depth 
only there exists a thick strata of peat, soft shaly or slippery clay, or shifting gravel, 
especially when one or more of these occur on the side of an old valley ; or if the 
underlying strata is cavernous. In the majority of cases, however, a more or less 
faulty condition of the underlying strata can be dealt with satisfactorily, provided 
the trouble is taken to learn all that is necessary of the surface geology before com- 
mencing to put up a building or to erect a unit of plant. 

A number of years ago a case came before the author in which some large stills 
were standing idle owing to the underlying strata shifting on account of the super- 
imposed weight. This movement had caused the stills to lean some 12 inches out 
of plumb, making connections with the existing condenser worms practically 
impossible, cracking the flues, destroying the producer gas inlets, and rendering 
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connections with the pitch coolers a difficult matter. On making an investigation 
it was discovered that the underlying strata consisted of spongy clay with gravel, 
to a depth of nearly 20 feet ; the stills were, in fact, erected over a portion of an old 
river bed. Only ordinary brickwork foundations with footsteps had been put in. 
Later some new plant was erected upon this site, and the difficulty was overcome 
by the use of a concrete raft or grillage upon which the whole lot was floated. 

If large storage tanks, chimney stacks, reaction towers, steam boilers, etc., 
are erected upon unsuitable land, subsidence will take place at some time or other, 
bringing in its train trouble due to cracks, strained joints or seams, etc., and necessi- 
tating costly repairs and often serious delays. 

The settling of a building, especially if unequal, will not only cause serious 


CANAL 








MAIN ROAD 


RAILWAY 


Fic. 11.—Awn IDEAL SITE. 


cracks in the walls, floor, and roof, but bring about a considerable amount of trouble 
in connection with stationary and moving plant. For instance, stills will be thrown 
out of plumb and difficulties will arise in regard to making tight steam, oil, and 
vapour pipe connections, and especially will this be the case with those stills fitted 
with fractionating columns ; pipe lines will be strained and leaky joints will result ; 
lines of shafting will be subjected to strain, and not only will the joints suffer, but 
the effect may be felt in the bushes of hangers and wall brackets. Belt drives will 
be thrown out of alignment, and wear and tear on the belts increased ; and in all 
these cases, and in others not mentioned, there will be a loss in efficiency. 

Neglect of the physico-geographical conditions also leads to trouble in some 
instances ; for example, when the land i8 situated on the banks of a tidal river and 
lies at a level below that of unusually high spring tides. The author knows of cases 
in which the land covered by works is at a level below that of ordinary high-water 
mark; the river running between made banks. In the event of an extra high tide 
produced by wind when the sun and moon are in conjunction, the water overflows 


LAY-OUT OF TAR WORKS 101 


the banks and floods these works, often causing damage to machinery and plant, 
and bringing about a loss of material by floating it away. 

The possibility of extending the works should not be lost sight of, and when 
arranging the various units of plant an allowance of space should be reserved in each 
case, upon which a new piece of plant can be erected when the necessity arises. 

Another very important matter for consideration is that of water supply. A 
very considerable quantity of water is used in a tar distillery for steam raising, for 
condensing purposes, and for washing, and water from a river is not always suitable. 
In practically all industrial centres the water of rivers is far from pure, both from 
the point of view of contamination by waste effluents and of suspended mud content, 
and in the case of tidal rivers of sodium chloride. 


RAILWAY 


ENTRANCE 


MAIN ROAD 

















CANAL 


Ss 


Fig. 12.—Awn IpHat SITs. 


The purest water obtainable must be supplied to the steam boilers and used 
for washing benzoles, etc. In the former case the choice is generally between town 
water and water from a bore made on the works, and in the majority of instances 
it is advisable to soften the water prior to use. Water for washing purposes need 
not be softened, but that from a bore is best to use as it is much colder than town 
water during the summer time, and this is a matter of importance when washing 
the lighter coal tar oils ; and well water is generally much cheaper. Water from a 
bore is also best for condenser purposes from a temperature point of view, but river 
water can be used if it is free from corrosjve substances and mud; town water is 
too expensive. A situation may arise in which it is necessary to reuse the con- 
denser water, and in a case like this a small water cooler and storage tank will be 
required. Care must be taken that the well above the bore, if one is provided, is 
properly lined in order to prevent contaminated water from leaking in. The 
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author knows of one instance in which drainage water from an ash heap gained 
access to a well, and of another in which the well became contaminated owing to 
creosote leaking in; the soil around having become saturated with creosote due 
to leaky mains (a common occurrence in some works). 

How boiler ashes slurry and effluents are to be dealt with is another matter of 
vital importance, and due regard must be given to it, as otherwise serious trouble 
may ensue shortly after the works has started up. The plan of sending waste solid 
matter (ashes, “‘ pyridine mud,” “lime mud” from causticisers, etc.) to a “ tip ” 
may turn out to be a very expensive one, especially if the “ tip” is a great distance 
from the works, or the owner finds that he has the proprietor of the works at his 
advantage. It may be necessary to provide sufficient land upon which to “ shoot ” 


SIDINGS BROUGHT INTO WORKS 
FROM RAILWAY CROSSING ROAD. 











> e pod) 
<x re) < 
= o ra 
a <q 
< Z O 
— <I 

= 

y 





Fic. 13.—An IDEAL SITE. 


these materials, and if this is the case the area should be large enough to suffice 
for, say, forty years. The author is acquainted with a works in which they centri- 
fugalise all their slurry to reduce the water content; that from the causticising 
plant yielding very weak caustic liquor which can be put through the plant and 
usefully employed. All effluents must be suitably treated before running them into 
sewers or streams and means must be provided for carrying out this process. 

In choosing a site the matter of proximity to land under cultivation or the near- 
ness to a residential quarter of a town must receive particular attention, and a clear 
understanding with the owners of property should be come to before purchasing 
the site. 

All plants which require a steam supply should be placed as near to the steam 
boilers as possible, and both the boilers and the steam pipes should be covered with 
an efficient non-conducting material. In the author’s opinion compressed magnesia, 
which is supplied in sections, is the best material to use. It is not wise to employ 
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brickwork or similar impervious coverings for boilers, as the existence of any leakage 
or dampness beneath them cannot be detected, and serious corrosion may result, 
owing to the leak not being discovered for some length of time. The boilers should 
be erected inside a good brick building, well roofed and floored, and not under a 
corrugated iron shed or in the open. 

Sometimes it is necessary to build underground the main flues to the chimney 
shaft from the steam boilers and tar stills, and in this case care must be taken to do 
the work properly and to see that the ground is in good condition and not lable to 
become saturated with water. Water leaking into flues will soon damage the brick- 
work and may necessitate heavy repairs probably at a very inconvenient moment. Of 
course, flues are best built above ground, but in many cases this is not possible as 
they may be in the way. This difficulty can be overcome in most instances by 
attaching a small chimney to the battery of tar stills and another to the steam 
boilers. 7 

The disposition of the lines of railway throughout the works must receive careful 
consideration. One siding should run alongside the boiler house and also the pro- 
ducers if these are to be installed, so that coal can be delivered into the bunkers 
with facility. Another, consisting of a double line of metals, is required for the 
pitch bay, and further sidings are necessary for loading and unloading tar oils such 
as coke oven oils, crude naphtha, crude benzole, benzoles, naphthas, tar acids, creo- 
sotes, etc., both in barrels and in bulk, dealing with tar and with chemicals used in 
the industry, such as sulphuric acid, nitric acid, caustic soda, soda ash, ete. 

For the unloading and loading of benzoles and other tar oils in bulk it*is an 
advantage to employ a cylindrical measuring tank, and this applies especially in 
regard to filling and emptying keels or lighters ; too much reliance should not be 
placed upon the figures given for the carrying capacity of these vessels. 

Pitch is loaded into wagons by means of skeps and a crane, or by a mobile 
elevator, liquid product8 loaded or unloaded by a sling and crane or by a mobile 
barrel elevator if in barrels, or by the use of a stand pipe if filled into tank wagons. 
The emptying of tank wagons is done by coupling up the cock underneath the wagon 
to a pipe leading to the suction end of a pump, or if the tank wagons are specially 
constructed by means of air pressure. 

If the works is large enough it is wise to erect a central pumping station, and 
in any case steam-driven pumps should be employed. There is a danger of fire if 
motor-driven pumps are used, owing to inflammable vapours coming in contact 
with the sparks generated between the commutator segments and the brushes of 
the electric motor. 

Flexible pipes of steel, up to 12 inches in diameter, are used for loading and 
unloading tar and creosote from lighters, but it is best to employ wrought-iron 
mains for tar acids and the lighter tar oils. 

In the case of sulphuric acid it is better to deal with this in bulk rather than in 
carboys. It is possible for the makers to send it to the works in 10-ton steel railway 
tank wagons and then it can be run by gravitation direct from the wagon into 
a wooden tank lined with 8 Ib. lead: From this tank it can be elevated to the plant 
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supply tanks by means of an acid elevator made of ‘“‘ Narki” or other suitable 
metal, or by a centrifugal pump made of the same metal (“‘ Narki’’). If desired 
the storage tank can be elevated and used for the plant supply tank and the acid 
pumped direct from the wagon into it. Lead or “‘ Narki”’ metal pipe lines must be 
employed. 

At times it is necessary to put in a temporary pipe line, and often hurriedly. 
Jn cases of this nature, and, it might be added, when putting in permanent mains, 
the writer can strongly recommend the use of the Victualic Joint. By employing 
this joint instead of flanges or screwed socked joints, a very considerable saving in 
time is secured and there is no risk of leaking. Also on account of the flexibility 
of this joint a pipe line can be laid on a ground surface of any contour without risk 
of straining and its accompanying evil, leaking, taking place. There is no need 
to fit expansion joints to long lengths of steam main or to pipe lines which are to 
carry hot fluids, the construction of the joint provides for expansion and contraction. 
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Fie. 14.—“‘A” Typr Victuatic JoINt. Fie. 15.—‘* B” Type Victuatic JoINt. 


Of the several types of Victualic Joint offered by the manufacturers, the “ B” 
type (located) is the best to use for permanent mains, whilst the “ A ” type (floating) 
will be found suitable, in many cases, for those of a temporary nature. If the latter 
kind of joint is used it is necessary to anchor the pipe line in places, say, at the bends, 
elbows, etc. Sectional diagrams of the “A” and “‘ B” types are shown in Figures 
14 and 15. It is sound practice to paint pipe lines which carry steam and various 
liquids in different and distinctive colours, and in cases in which a risk of a mistake 
occurring exists valves should be labelled. 

The matter of shunting must not be overlooked as it is one of considerable 
importance, and if not properly considered at the outset will soon lead to non- 
economical working of the factory. Motive power can be supplied by (a) horses, 
(b) small locomotives, and (c) locomotive cranes. Shunting by means of horses 
should be avoided if possible ; it is slow, uncertain, and expensive. The employment 
of locomotives is to be recommended if the size of the works allows of it, and at least 
two should be put into commission ; if one only be installed an awkward situation 
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will arise when it needs overhauling or repairing. It is not the best plan to use loco- 
motive cranes for the entire shunting, but for moving trucks in the proximity of 
the pitch bay they come in useful, serving the dual purpose of loading the trucks 
and removing them; and the crane can be shifted from point to point alongside 
the bay, thus minimising the distance the skeps have to be trollied to bring them 
underneath the wire rope of the crane. 

Weighbridges must be erected on the sidings to deal with inward and outward 
goods, and it is important that one of these machines, large enough to deal with a 
3-ton motor lorry, is erected at the main-road entrance to the works, at which, also, 
there should be a small weigh office. 

Runways carrying chain-blocks and also small transport cars can be erected 
with advantage in various parts of the works. These pieces of apparatus will be 
found useful in lifting and carrying drums of caustic soda, sacks of soda ash, etc., 
and, in manipulating portions of plant undergoing repairs the time and expense of 
erecting a scaffold will often be saved. 

Sufficient space must be reserved for storage tanks for raw materials, for virgin 
products and also for finished materials. The positions of these tanks should be as 
far away as possible from the steam boilers and fire-heated stills, and in the author’s 
opinion are best erected above ground and not below as suggested by some. If 
erected in a vertical position much economy of space is secured, and as most tar 
oils when fresh from the stills, and often when received from outside sources, contain 
water in suspension, tanks in this position will allow the water to be separated more 
easily, especially if the bottom of the tank is slightly dished and a drain cock placed 
in the middle. In any case a draw-off pipe is fitted to the side of the tank and 
its centre is arranged 6 inches above the bottom line of rivets. Tanks which are 
to be used for the storage of salty creosote, and heavy oils liable to hold water in 
the emulsified state, are best provided with a closed steam coil and covered with 
lagging on the outside. The subject of large storage tanks for tar will be dealt with 
in Chapter V. 

It is necessary to light the works adequately, and due regard must be paid to 
fire risks in this connection. Electric light is the most suitable, and filament lamps 
should be used, each globe being enclosed in an outer glass cover as an extra precau- 
tion. The leads must be well insulated and carried in a first-class quality of metallic 
conduit, and the switches placed in positions away from inflammable vapours ; 
when thrown in and out of clutch switches are liable to spark. The main switch 
board and fuse boxes are best situated in the office building. Especial care must 
be taken over the lighting of the benzole and naphtha house ; the safest place for the 
lamps is outside the building in front of windows with good reflectors at their backs, 
and the switches are fitted outside the building also. For the temporary lighting 
of dark corners, ete., and to enable the workmen to more easily read hydrometers, 
ete., during the night shifts and on dark winter days Davy safety lamps must be 
provided, and these lamps find a use on all occasions for illuminating the inside 
of tanks, stills, ete., undergoing inspection or repairs. It is wise to properly earth 
the benzole and naphtha stills to avoid risks of fire by static discharges. 
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Not on any account must the chemical and physical laboratories be overlooked ; 
in fact, these buildings, their equipment and staff should be reckoned among the 
most important assets of the works. Laboratories for plant control and analytical 
work and for research work are necessary if the owners of the works wish to carry 
on along the path of progress. The amount of uninvestigated problems in connection 
with the plant used in the distillation of tar and tar products, the tar itself, and the 
materials obtained from it, is very large, and in the employment of well-trained 
research chemists, chemical engineers, and physicists by tar works owners money is 
being well spent. Proof of this contention is found in the fact that some of the large 
tar works in this country and in the U.S.A. have for some years past had research 
laboratories and a staff of research workers attached to the establishment. The 
design and fitting up of the laboratories and purchasing of the equipment ought to 
be left to the appointed head of the laboratory staff. 

The laboratories, a drawing office, and the works and general offices can be 
conveniently included in one block of buildings, and all the rooms must be well 
lighted, properly heated, and ventilated. An efficient telephone system ought to 
be installed connecting up the laboratories, chemical engineer’s office, drawing 
office, engineer’s and blacksmith’s shops, stores and the various departments of the 
works with the works manager’s office. The instruments of the public telephone 
service are best enclosed in sound-proof boxes and not fitted in the open office. 
The duty of installing first-class filing and other labour-saving systems will naturally 
fall upon the heads of the commercial staff. A cloak room, cycle store, and lavatory 
accommodation for males and females are other necessities which must not be 
forgotten, and it will also add to the efficient working of the staff if a room be set 
apart and properly equipped for the partaking of meals. The need of a works library 
of books of reference dealing with both scientific and commercial subjects is almost 
always overlooked, and much needless loss of time and money occurs in most works, 
many times in a year, owing to the inability of one or other of the staff being able 
to turn up some important point at a moment’s notice in order to settle a dispute, 
to assist over a difficult problem, or to enable the analytical or research chemist, 
the chemical engineer, the physicist or the engineer, to make necessary references 
on the spot instead of waiting until the evening to search in a public library, if 
there is one near at hand, and if the necessary book is on its shelves. 

A drawing office is a very useful adjunct to a tar distillery ; in the author’s 
opinion it is a necessity, even if the chemical engineer and the chief engineer, who 
ought to be qualified men, have to do their own drawing. Ina large works this should 
not be the case, but one or more trained draughtsmen employed. Improvements 
or repairs to existing plants, the erecting of new plant, laying of mains, etc., should 
not be carried out without first putting on paper details to scale. It is cheaper to 
make alterations on the drawing-board than on the plant in the works! The design 
of new plant to work out new processes or improve old ones will require the services 
of the draughtsman also. 

The need of well-equipped engineer’s and blacksmith’s shops will be quite 
evident, and in order to secure efficiency these shops must be staffed with good men. 
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The engineer should be a thoroughly trained man, and his staff of fitters and black- 
smiths and boilersmiths ought to be of the best. Much money can be lost by employ- 
ing badly trained men. If the works is large enough an assistant-engineer can be 
with advantage added to the staff. It is absolutely necessary for the well-being of 
the factory that the chemists and engineers work hand-in-hand. 

The equipment of the engineer’s shop should not be skimpy, but unnecessary 
tools must not find a place init. A hollow spindle centre lathe, a drilling machine, 
shaping machine, screwing machine, a wet grinder adapted to grinding ordinary 
tools, and twist drills, taps, and dies, and vices are some of the useful tools required, 
and with these must be provided all the necessary small tools. This equipment 
is best arranged by and bought by the engineer, who, if well trained, will exercise 
forethought and economy when making his purchases. 

In the blacksmith’s and boilersmith’s shop will be required a forge, anvil, and 
bending machine, also cambering or bending blocks, hammers, chisels, setts, flatters, 
set hammers, fullers, tongs, caulking tools, rivet sets, punches, drifts, spanners and 
podgers, centre punches, centering tools, snaps, dollies, clamps, wooden mallets, etc., 
and one or two electric or pneumatic riveters. Plates can be purchased cut to various 
sizes, but if the size of the works warrants it a shearing machine will be found a 
useful addition. 

A carpenter and a small carpenter’s shop is a very useful addition to a works 
of large size, but in the average-sized works this is hardly necessary, as wooden 
structures should be avoided as far as possible in a tar distillery. 

Power must be furnished to the workshops, and if possible this is best taken 
from an electricity service. 

Be the works small or large a stores department is required controlled by a 
reliable storekeeper. In the stores are kept all the engineer’s, blacksmith’s, and 
boilersmith’s tools which are not in use; labourer’s tools, such as ropes, blocks, 
shovels, picks, wedges, buckets, barrows, brushes, etc. ; materials used for repairs 
and renewals, and so on. An efficient system of dispensing and receiving any of 
these articles is absolutely necessary. A system which occupies an unnecessary 
amount of the workman’s time in getting out of the stores a required tool, or other 
article, is as uneconomical as no system at all, and may in the end be found as 
expensive, or nearly so, as having no stores department. 

An exceedingly necessary adjunct to the works is a time-keeper’s office, and an 
efficient system of time-keeping. The office should be in such a position that every 
workman has to pass it upon entering or leaving the works, and the system of super- 
vision so arranged that a workman cannot record his time and that of several of his 
mates. There are several good systems of time recording, among them being the 
Bunday, the Gledhill-Brook, and the International. 

A mess-room properly lighted, warmed, and ventilated, with means for cooking 
and washing-up ; good lavatory accommodation with hot and cold water supply ; 
and a cloak-room and cycle shed, ought to be provided for the workmen. These 
buildings are best situated near the time-keeper’s office, but inside the works. 

Tar distilleries are very liable to outbreaks of fire, and for this reason an efficient 
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system of fire-fighting must be installed. A certain number of the works and office 
staff should be trained in the methods of fire extinguishing and how to use the 
apparatus required for this purpose. Periodic drills and surprise tests are necessary 
to keep the workers efficient. A good and certain water supply must be provided, 
and with this end in view an elevated tank of suitable size placed in a position 
unassailable by fire, and fed by a pump in a similar position, should be erected. 
This tank can be used for supplying water to the condensers, but it must be always 
kept full. The position of the hydrants calls for careful consideration, and if this 
is not given, in a time of necessity if may be found impossible to put one or more 
into use. Many small fires can be best put out with sand, and it is wise to keep a few 
buckets of this material in various convenient positions. Patent extinguishers are 
also very useful in dealing with small fires, and among these the author has used with 
success apparatus supplied by the Pyrene and the Minimax Companies. In well- 
constructed works the benzole and naphtha plants are erected in substantial brick 
buildings, and in order to cope with a fire which has got out of hand, inasmuch as 
sand or a patent fire extinguisher will not quench it, steam is passed into the closed 
building by means of a number of jets passing through the walls and controlled 
by valves on the outside. If steam is promptly introduced at a good pressure the 
fire is generally “smothered.” Smoke helmets may be found useful in dealing with 
bad fires. 

Means of rendering first aid to the injured and of rescuing workmen in danger 
must be provided. For first aid purposes it is best to set apart a small room in the 
office or laboratory building. This room should be well lighted and ventilated 
and in the winter months kept warm. In addition to a very complete first aid 
equipment, the room must be fitted with hot and cold water supply, sink, and wash- 
hand basin, and furnished with bowls, towels, nail brushes, stretcher, oxygen bottle - 
and fittings, couch, chairs, and a small table. If the works is large enough a trained 
nurse is best placed in charge of the room, otherwise it should be required of, say, 
the chief chemist to take up the duty of first-aider when required. He must, of 
course, have passed an examination in advanced first aid before taking up the work. 
It is a wise plan to encourage the members of the office and works staff, and also the 
workmen, to take up the study of first aid under the auspices of the St. John Ambu- 
lance Association. 

In regard to rescue work all the workmen on the permanent staff should receive 
a course of training in this important subject, with frequent revisions, in order to 
keep the methods of rescue, etc., fresh in their minds. The rescue apparatus must 
be kept in cupboards near the plant upon which it may have to be used, and all of it 
must be periodically inspected to make sure that it is in good condition. As a man 
may be quite insensible when rescued, and as it is necessary to remove him to the 
ambulance department with the utmost speed, a stretcher is an essential item of 
the equipment. The kinds of apparatus required and the methods recommended for 
rescue are dealt with in the appendix. 
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CHAPTER V 
HOW TAR IS RECEIVED FROM GAS WORKS, ETC. 


Tar is delivered to the distillers from the gasworks in railway tank wagons, lighters 
or keels, tar carts, and, less frequently, the distillery is connected direct to the source 
of supply by a pipe-line. Examples of the last named are to be found in London, 
Birmingham, and some other towns. Consideration will not be given here to the 
construction of the tank wagons and the other vehicles of transport, beyond stating 
that cylindrical tank wagons are the best to use for tar carriage. A few words, 
however, on the plant and methods employed for emptying them on their arrival 
at the distillery is necessary. 

It is usual to provide a tar-tip into which these vehicles can be emptied prior 
to running or pumping the tar to storage tanks, but it should be mentioned that in 
some cases the tar is run direct into an underground tar storage tank or tar well. 
The tar-tip for railway tank wagons may be constructed between the railway metals 
or on the side of the permanent way, but the latter position is perhaps the better, 
both from the point of view of safety and convenience. A spot should be chosen 
at a suitable part of the works siding, and, of course, the position should be one 
which will allow the wagon to pass over a weighbridge first. A hole of sufficient 
size should be dug between the metals and the bottom well puddled with clay. 
A covered wrought-iron tank, well coated with a bituminous iron protective solution 
on the outside and provided with a 14-inch diameter hole and cover, is lowered into 
the excavation, the sides and top well puddled, and the earth filled in on the top to 
the sleeper level. The tank may be built of brindled or Staffordshire blue bricks 
set in cement mortar, or of reinforced concrete, and in both cases the excavation 
should be well puddled first. 

In the author’s opinion a wrought-iron tank is the easier to put in and the more 
suitable for this particular work. The tank capacity should be at least that of a 
large railway tank wagon; and the author would add in this connection that he 
has used with economy, and to great advantage, the tank portions of old railway 
tank wagons after they have been overhauled. It is, of course, necessary to provide 
an outlet for the tar and to connect this outlet to a pump. In the case of old railway 
tank wagons the discharge outlet can be conveniently used, or, if desired, this can 
be closed, and an outlet cut in one of the sides of the tank near the bottom. As the 
tar gets very thick in cold weather it is an advantage to use tank wagons provided 
with a steam coil and to see that a steam main and suitable connections are erected 
near the tip. Warming the tar will expedite the process of emptying considerably. 
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As many tank wagons are not fitted with a steam coil, arrangements should be made 
so that a flexible steam-pipe can be inserted into the tank on its arrival. This is 
done by connecting to the steam rig a piece of l-inch or 14-inch flexible metallic 
tubing of sufficient length to allow a foot or two to rest on the bottom of the tank, 
or else using l-inch to 14-inch steam-pipe, employing the necessary elbows and bends 
to render the piping flexible and to allow it to adapt itself to the position. Un- 
fortunately, open steam is forced into the tar, and this means that it will become 
mixed with a certain amount of condensed water. Also there is some risk of noxious 
vapours escaping from the manhole of the tank ; covering the manhole with sacking 
will minimise this trouble. ; 

The tip for a tar cart can be constructed in a similar manner to that just 
described. If it is desired to put in a small tank care should be taken to see 
that it holds rather more than the volume contained in the cart (approximately 
270 gallons), and as to its position, it is advisable to place it as near the 
emptying pump as possible. 

To empty keels and lighters it is necessary to run a pipe line to the canal or 
river side, and fit suitable flange connections at the end, to which a flexible suction 
pipe may be attached. The flexible portion may be of wire-bound leather or flexible 
steel tubing (the latter is the better) ; and the internal diameter of this and the pipe 
line should be not less than 4 inches—6 inches is preferable. 

There are works in existence in which the tar is pumped, as received, direct 
into the stills, but this is a plan much to be deprecated, and, of course, in large works 
one which could not be adopted. The chief reasons why tar should be stored are 
(a) to allow much of the entangled liquor (ammoniacal water) to separate, and thus 
reduce the period and expense of distillation, and (b) to keep a sufficient stock in 
the works to enable it to be run during the “low make” season at the various 
gasworks from which the supply is drawn. It must be obvious that storage tanks 
should be of large capacity, and there are tanks now built to hold as much as 1,000,000 
gallons. They are constructed above and below ground, and in the latter case are 
often known as wells. 

Storage tanks erected above ground are, if built of wrought iron or mild steel, 
cylindrical in form, or if constructed of reinforced concrete, cylindrical, cubical, or 
rectangular solid in shape. Those built below ground are generally constructed of 
brick or reinforced concrete, and may. be cylindrical, rectangular solid, or cubical 
in shape—the two last-named kinds finding general adoption. 

As these tanks are required to hold a very considerable weight of material, 
often upwards of 3500 tons, it is necessary that a site be chosen where the strata 
is firm and not likely to subside after a long period of drought, and that a good 
foundation be put in. Ifthe nature of the strata is not known, it is advisable to make 
one or two borings at the chosen site. In the case of underground tanks these borings 
should be carried to a depth greater than that of the depth of the tank and its founda- 
tion ; for it is quite possible that the ground for some 15 feet or 20 feet below the 
surface may be quite firm, and then a few feet beyond this running sand or slippery 
clay may occur. In cases of this nature, if it is not possible to put the storage tank 
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in another position, special precautions must be taken when building the foundation. 
Should the tank be constructed of brick, concrete, or reinforced concrete, and the 
foundation built on unsuitable strata, no precaution being taken for this state of | 
affairs, an unequal settling may take place and produce cracking, the results of 
which would be serious. If the tank is built of iron and subjected to the same 
unsuitable conditions, the straining produced by unequal settling would bring 
about leaking at the seams. On firm ground the concrete foundation need not be 
more than 18 inches thick. In cases where spongy ground has to be built upon, 
it is advisable to increase the thickness of the concrete and reinforce it with small 
section angle, tee, or aitch iron, arranged in lattice form. This makes a kind of 
concrete raft, which will practically do away with all risk of unequal settling. 

It is very advisable to build the sides and bottoms of concrete tanks on the 
reinforced principle. They may be built on the Monier system, in which expanded 
metal or wire network formed of steel wire is arranged so that the thickest are placed 
longitudinally and the thinnest transversely, or on the Hennebique system, in which 
round steel bars are employed; in both cases, of course, the metal-work is sur- 
rounded by concrete. The sides of the tank may vary between 8 inches and 12 inches 
in thickness, according to whether the tank is below or above ground level, or to 
the size of the tank. One of the best mixings of concrete to use is 4:2:1 (G. E. 
Davis recommends 7 : 3: 1), and itis very necessary that the materials be thoroughly 
mixed, that an excess or insufficiency of water is avoided, that the water be free 
from grease or soluble salts such as sodium chloride, sodium sulphate, magnesium 
chloride, etc., and that the aggregate be non-porous and not contain substances 
which may exert a chemical action upon steel, and if made up of sand or gravel free 
from clay or loam. It is unwise to carry out the building of a concrete tank during 
the winter months when the concrete is liable to become frozen. The wet concrete 
should be thoroughly punned, best with a pointed rammer, and the centering or 
casing boards should not be removed until the concrete is thoroughly set. It is 
absolutely essential that no tar (or creosote) be put into a concrete tank until it is 
quite set, and a period of several months should be allowed to lapse before putting 
the tank into use. If a concrete tank is constructed properly it will withstand 
a liquid pressure of 83 lbs. per square inch without leaking. The inside of the tank 
should be rendered with a mixture of 1 of cement and 1 of clean washed sand. It 
is advisable to puddle round the sides of concrete tanks that are built below ground 
before filling in the earth. The top of the tank may be constructed of reinforced 
concrete, wood, or iron plates. 

The tar and liquor tanks shown in Figures 16, 17, and 18, have a total capacity 
of 273,000 gallons, made up of three separate tanks to contain 93,000 gallons of 
tar, 90,000 gallons of ight liquor and 90,000 gallons of heavy liquor, and were built 
at the new Rome Street Gasworks, Carlisle, to the general designs of Mr. J. E. 
Blundell, the Gas Engineer and Manager to the Corporation. 

The tanks are 63 feet by 63 feet by 12 feet clear depth below roof beams, and 
are of reinforced concrete throughout, great care being taken to make them absolutely 
watertight. 
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This was accomplished by devoting special care to grading, proportioning 
and placing the concrete, and no special treatment was otherwise necessary. 

When the walls were thoroughly dry, as an additional precaution against 
percolation, the inside walls and bottom were coated with dehydrated tar. 

The site upon which the tanks were built was waterlogged from a depth of 
4 feet to 5 feet downwards (varying with the seasons) and during construction night 
and day pumping was necessary, the excavation being kept dry with a No. 6 Pulso- 
meter Pump with one additional pump in reserve in case of breakdown. 

One temporary flooding and balancing valve was left in each of the three main 
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compartments, to balance the water pressure in the event of any unforeseen break- 
down or stoppage of the pump, as the partly constructed tanks would then have 
been flooded. 

This precaution was justified, as entire cessation of pumping was necessary on 
one occasion, and the work was flooded without injurious result. 

The tanks as a whole are designed as a stiff hollow box to carry water pressure 
outside with the tanks empty, the whole weight of the finished tanks being arranged 
to be sufficient to resist flotation. 

Figure 16 shows the general arrangement, and Figs. 17 and 18 show the work 
during construction, with the intermediate and outside walls ready to receive the 
roof slab. 

Each compartment is provided with a manhole in the roof and one hole at the 
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intersection of the internal walls to permit sounding to ascertain the depth of con- 
tents at any time. 

Holes are left through all roof beams to permit the escape of air, and overflow 
pipes are provided from the Tar Tank to the Light Liquor Tank, and from the 
Light Liquor Tank to the Heavy Liquor Tank. 

Separate supply and suction pipes are provided to each compartment. 

The side walls are 7 inches thick, stiffened by vertical beams spaced 5 feet 
3 inches centre to centre and in the bottom and top of the tanks beams running 
in both directions are spaced at 10 feet 6 inches centres. 





Fic, 17.—ConcrRETE TANKS AT CARLISLE GAS WORKS IN CONSTRUCTION. 


The concrete in the work up to roof level was machine mixed in the proportions 
of three parts crushed granite (? inch down to + inch) to 14 parts of screened and 
washed sand, to 1 part of ‘‘ Ferrocrete ’’ Portland cement. 

For the remainder of the work where complete watertightness is not so 
essential, the proportions are changed to 4 of granite, to 2 of sand, to 1 of 
cement. 

The reinforcement throughout consists of round indented steel bars. 

The work was executed by Simplex Concrete Piles, Ltd., of 104 Victoria 
Street, Westminster, to the detail designs and supervision of Burnard Geen, 
M.Inst.C.E., of 122 Victoria Street, Westminster, the Consulting Engineer to 
Messrs. West’s Gas Improvement Co., Ltd., of Manchester, the Contractors for 
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the new Vertical Retort Installation and sundry other works for the Carlisle 
Corporation. 

Although the author is not aware of any disastrous results accruing through 
the use of properly constructed concrete tanks for the storage of tar or creosote, it 
is wise to refrain from forming a definite opinion as to their success in this direction 
until a more lengthy experience of their behaviour is obtained. Internal changes 
are liable to occur in reinforced concrete, due chiefly to the corrosion of the iron (steel) 
used for reinforcing, and this may take many years to make itself evident by cracking 
the structure or otherwise disintegrating it. It should be noted that when iron 





Fie. 18.—Concretre TANKS AT CARLISLE Gas WoRKS IN CONSTRUCTION. 


rusts it increases in bulk ten times, and if rusting occurs in a confined space very 
considerable pressure results. The corrosion of iron is due to electrolysis, and can 
be caused (a) by substances contained in the concrete, which in the presence of 
moisture will react upon the steel, or (b) by the penetration of aqueous solutions 
of corrosive salts, such as the chlorides of sodium or magnesium. Cause (a) can 
be eliminated by the careful choice of the aggregate, but the elimination of 
cause (5) is not quite so simple. There are a great number of cases on record 
of failure of reinforced concrete structures, due to the penetration of aqueous 
solutions of sodium chloride or of sea water, and in the author’s opinion aqueous 
solutions of ammonium chloride will most likely produce similar results. What 
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presumably takes place in the case of sodium chloride is expressed by the 
following equations :— 
(a) NaCl+ H,O+Na0H+HC1. 
(Limited MVROR EAE of the NaCl.) 


P { NaOH=-Na-+(OH). 
HCL=H+Cl. 


(Dissociation of hydrolysis products (a) into negative and positive ions. 
(c) Fe -+2(OH)=Fe(OH),. 

(Iron ions which, owing to their electrolytic solution pressure, pass into 

the water present and combine with the negatively charged hydroxyl 


ions to form ferrous hydroxide, which is eventually converted into 
ferric hydroxide by the oxygen dissolved in the solution.) 


Experience of the corrosive nature of aqueous solutions of ammonium chloride 
points to this salt behaving in a similar manner. Now, ammoniacal liquor contains 
this salt (and other ammonium salts which can exert a corrosive action), and as the 
material is present in small or fair quantities in tar, and often occurs in creosote, 
there exists a risk of it penetrating into the concrete in spite of the oily nature of the 
predominant liquid. Whether this actually takes place can only be proved by 
experience and careful experiment. In any case it is wise to adopt precautionary 
measures and render the concrete waterproof. There are several methods of doing 
this, but in every one care is necessary in its use or else the result will not be suc- 
cessful. Some of these methods are :— 


(a) Applying three coats of boiling dehydrated tar over the properly set and 
dry rendering, allowing each coat to soak in thoroughly before applying 
the next. 

(b) Painting or spraying over the rendering four coats of an aqueous solution 
of zinc sulphate (8? lbs. to 1 gallon of water). In this case calcium sul- 
phate and zinc hydrate are formed in the pores of the concrete. 

(c) The use of an aqueous solution of sodium silicate, 2 lbs. to 1 gallon of water, 
applying four coats and allowing at least six hours between each coat. 
If this method is employed calcium silicate is precipitated. The author 
does not recommend this process. 

(d) Spraying or brushing the concrete with a solution of a fluosilicate, such as 
magnesium fluosilicate or the double salt of magnesium and zinc. The 
strength of the solution applied first should be between 10 and 15 percent., 
and that of the second solution between 30 and 35 per cent. 


It is an unwise plan to run electric mains in proximity to reinforced concrete 
tanks. 

If it is desired to build the tank of bricks, those of a.non-absorbent type, such 
as brindled or Staffordshire blues, must be employed. The bricks should be set in 
cement mortar, and the joints should not be too thick, about 3°; inch, and the tank 
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must not be put into commission before the cement joints are thoroughly set. As 
the walls are being built up, good puddle should be well rammed round the outer 
side to a thickness of at least 12 inches. The thickness of the wall should be between 
14 inches and 18 inches, and it is advisable to render the inside of the tank with 
about $ inch of the cement-sand mixture mentioned in a preceding paragraph. 
The top of the tank may be built of similar materials to those used for concrete 
tanks. Iron tanks are sometimes placed below ground, and if this is done it is 
essential that every care be taken in the riveting and caulking of the seams. It is 
wise to apply a good thick coat of pure bitumen paint, free from sedimentary matter, 
to the underside of the bottom and to the outsides of the tank. A concrete founda- 
tion should be made at the bottom of the excavation, the thickness of which will 
depend upon the condition of the ground underneath. Properly made clay puddle 
must be rammed round the sides before filling in the earth, and the tank may be 
covered in with a wood or iron roof. 

Reinforced concrete and iron tanks are the two kinds usually built above ground, 
and as the method employed in the construction of the former is the same as for those 
placed below ground, no further description is needed. The fact that they must 
be stronger must not be lost sight of. It is desirable, however, to consider briefly 
the construction of iron tanks. These tanks may be built to contain as much as 
1,000,000 gallons, but a very usual size is between 250,000 and 400,000 gallons. 
As these tanks are erected in the open air, and, therefore, exposed to all conditions 
of weather, corrosion troubles will rapidly set in if they are not properly covered 
on the outside and underside of the bottoms with a pure bitumen paint free from 
sediment. The underside of the bottoms should be covered during erection, and the 
outsides after completion. It is absolutely essential that good sound work be put 
into the tanks during their erection, as from the time of completion they are generally 
full, or partly full, of tar, and this condition will make it exceedingly difficult, if not 
impossible in many cases, to carry out repairs without first emptying—a very 
awkward state of affairs to crop up, say, at a busy time. 

In all cases the vertical seams must be double riveted, and all seams thoroughly 
caulked. If the riveting is well done caulking in most cases is unnecessary. Care 
should be taken that the rivets are not too short. They should be of sufficient length 
to allow the riveter to snap the tail of the rivet properly, and the height of a finished 
snaphead should be about three-quarters the diameter of the shank. Mild steel 
rivets of a good quality should be used; poor quality steel rivets are apt to 
fracture. Rivet holes should be drilled for preference ; in punching holes there is 
a great risk of an unseen fracture occurring between one hole and another, a 
condition which may lead up to a serious leak when the tank is put into 
commission. It is also worthy of note that punched rivet holes reduce the strength 
of the plate by about 9 per cent. and drilled holes about 1} per cent. 

The sheets of mild steel of which storage tanks are built should be, for preference, 
pressed into shape, and their thickness should vary, being greater for those plates 
which are to form the bottom ring than for those it is intended to use for the top 
and intermediate rings. The bottom plates need not be quite so thick as those of 
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the bottom ring. As examples of the thickness of the various plates used in 
building storage tanks the two following will prove useful :— 

1. The tank is required to hold approximately 300,000 gallons of tar, and in 
this case the diameter may be 55 feet and the depth 20 feet. A tank of this depth 
would be built up of four rings, each being 5 feet in width. The thickness of the 
plates composing the bottom ring should be 75 inch, the plates of the next ring 
sz inch, the next + inch, and the plates of the top ring 3s inch. A thickness of 
1 inch is quite sufficient for the bottom plates. The bottom angle ring should be 
constructed of 24 inches by 24 inches by 2 inch section angle steel, and the top 
angle ring of 2 inches by 2 inches by + inch section angle steel. Double riveted joints, 
with the rivets having a pitch of 2 inches, are used throughout. 

2. In this example a storage tank which will hold approximately 906,600 
gallons is chosen. The diameter of a tank of this capacity will be 86 feet, and the 
depth 25 feet, the shell being composed of six rings. Hach ring is built of plates 
of different thickness, as set out in the following table :— 


' Ring No. Birmingham Gauge (B.G.) |Thickness. Ibs. per super foot. 
Bottom Ring | 1 0-3532 in. 14-128 
bank 2 0:3147 _,, 12-588 
_ 3 5) 0-2804 ,, 11-216 
yee one 4 0:2500_ ,, 10-000 
ed ee; 5 0-2295. ,, 8-900 
Top Ring 6 6 O:1981e,, 7-924 


The plates used for the bottom will be of the same thickness as those composing 
the top ring, and the angle steel used for the top angle ring will have a 2 inches by 
2 inches by } inch section, whilst that of the bottom angle ring will be 3 inches by 
3 inches by 2 inch. Care is necessary when making the joints, those in the vertical . 
being double riveted (zigzag method) and those in the horizontal being single 
riveted. The diameter of rivets, pitch, etc., should vary according to the thickness of 
the plates, but as in the case under consideration the plates of each ring are of a 
different thickness the rule cannot be adhered to. Under these circumstances a 
suitable rivet is one of +4 inch in diameter, and in the single-riveted joints a pitch 
of 144 inches, with a distance from the centre of the rivets to the edge of the plate 
of 1s: inches will meet the case. In regard to the double-riveted joints adopting 
the zigzag arrangement and using rivets of the same diameter (}¢ inch), a pitch 
of 27’; inches, with a distance of 1's; inches from the centre of the rivets to the edge 
of the plate and an allowance of 1} inches between the rows of rivets, will give satis- 
factory results. Ifitis desired to cover the tank, then plates of No. 12 B.G. (=0-0991 
inch in thickness), weighing 3-964 Ibs. per super foot, will be found suitable. 

Many tanks are not covered, but if a cover is desired, it can be constructed of 
mild steel sheets of the thickness mentioned in the preceding paragraph or } inch 
in thickness, with the exception of the crown plate and the outer circle of plates 
which, if 4-inch plate is used, should be of ,’s inch. The cover is generally supported 


HOW TAR IS RECEIVED FROM GAS WORKS, ETC. 119 


by a middle stanchion, on the top of which are riveted radial arms reaching to the 
circumference of the tank. Two hatches about 3 feet square, provided with light 
cast-iron covers, should be put in the cover on the outer circle plates, and provision 
will also have to be made for the entry of the tar inlet pipe, and an outlet for air 
and foul gas. This outlet pipe should be connected to a small purifier box to retain 
sulphuretted hydrogen, etc. 

If the storage tanks are not covered, it is usual to keep about 18 inches of water 
on the top of the tar to prevent nuisance. It is necessary, however, to remove 
the water several times during the year, and as it will 








contain a certain amount of ammonia it should not be run Z 
to the drain, but sold as weak ammonia liquor to an Y} 
ammonia works, or in the event of the tar works possessing WW) 
an ammonia plant worked up in this. The tar inlet pipe ae 


should be so constructed that it reaches about two-thirds 
the way down the tank. This will avoid agitation of the 
top liquor and splashing during pumping, when the tank 
contains a considerable amount of tar. Of course this 
precaution need not be taken if the tanks are covered. 
The inlet pipe should be of wrought iron and of a diameter 
of either 4 or 6 inches. With regard to the outlet pipe for 
removing the tar the centre line of this should be about 
9 inches from the bottom of the tank. This pipe can be Fic. 19. 

made of cast iron, or better of welded wrought iron, and A Mexrnop or INSERTING 
should be about 6 inches in length and of a diameter of ee ak 

6 inches. It is carefully riveted to the tank and fixed by 

means of a flange to a best quality cast-iron plug-cock. If preferred a sluice valve 
can be used in place of a cast-iron plug-cock, but all the fittings must be of iron. 

It is a great advantage to provide storage tanks with 2-inch wrought-iron steam 
coils. They should be put in in the form of a gridiron and supported on rollers. A 
good method of putting the inlet and exhaust of these coils through the tank side is 
shown in Fig. 19. The advantage of a steam coil is felt during the winter months, 
when tar, if it is cold, becomes very difficult to pump, owing to its increased viscosity. 

As it is an exceedingly difficult matter to dip a tar tank in order to find accu- 
rately the amount of tar and weak ammoniacal liquor it contains, it is advisable, 
in order to check the dips, to insert a series of 4-inch pet cocks up the side of the tank 
at a pitch of 3 inches, commencing about 1 foot from the bottom of the tank and 
finishing about 6 inches from the top. 

In choosing tar pumps it is necessary to use care. They must be strong, and 
all parts which will come in contact with the tar must be of cast iron, in order to 
minimise corrosion. Pumps for tar of the reciprocating type should be fitted with 
valves which are mechanically opened and closed, and not with those which are 
dependent upon the pressure of the liquid or springs for their action. Mechanically 
operated piston valves, or mitre valves, made of cast malleable iron, are of the correct 
type. It is important that the valves and the surfaces with which they come in 
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contact (seats, etc.), be made of the same metal, otherwise the risk of corrosion of 
these parts will exist. 

In order to assist in keeping the beat perfect and to prevent the formation of 
grooves, the r.bs of mitre valves should be cast at an incline from the perpendicular 
so that the liquid on passing through will give the valves a gradual circular motion. 
It is also necessary to fit tar pumps with cast-iron rams or plungers, or ring-packed 
buckets ; leather- or canvas-packed buckets are not suitable. In the case of pumps 
of the rotary type, the same precautions must be taken in regard to the parts which 
will come in contact with the tar as with reciprocating pumps. 

There are several suitable types of pumps on the market, such as the Evans’ 
Cornish, or Reliable, the Worthington and the Tangye of the reciprocating class, 
and the Douglas Positive Acting Rotary, the Drum Positive Rotary, and the 
Avamore ‘‘ Squeegee’? pump of the rotary class. 

It is a wise plan to employ pipe lines of at least 6 inches in diameter for the 
conveyance of tar, and they are best constructed of cast iron. The joints must 
be made with care or else trouble will occur from leaks. 

In the author’s experience satisfactory results have been obtained from properly 
made lead wool joints. These joints are approximately twice as strong as run lead 
joints, and they will withstand considerably more sagging and vibration without 
leakage. Lead wool joints can be made in any position and under practically all 
conditions without the anxiety of faulty work and the risk of burning accidents. 
Another feature in connection with this kind of joint is that of economy ; there is 
no waste of lead and much less is required, resulting in a saving of approximately 
30 per cent. 

The Victualic joint is also a very serviceable and economical one to use on tar 
mains, the leak-proof ring being made of a special composition which will resist the 
action of tar. A fuller description of this joint is given on page 104. 


CHAPTER VI 
PLANT USED IN THE DISTILLATION OF TAR 


In a tar distillery the pieces of plant subjected to the greatest wear and tear are tar 
stills, and very careful consideration should be given to the design and construction 
of them. The portions of a still above the pitch level at the finish of the operation 
are more or less severely corroded by ammonium chloride and to a lesser extent 
by ammonium sulphide.t The corrosion is much more severe if the still dome, 
manhole, and charge pipe inlet are wrongly designed, or not properly lagged. The 
other part of a still which often gives much cause for anxiety is the bottom, which, 
if not properly built or protected, or if the fireplace is wrongly constructed, may 
“come down” a few weeks after being put into use. ? 

In the construction of tar stills, wrought iron, mild steel, or sometimes cast 
iron is used. To employ cast iron is, in the opinion of the author, a great mistake. 
Although it is now possible to make very large castings in which blowholes are 
practically absent, freedom from this weakness does not render the metal suitable, 
as there are other faults. For instance, the thickness of a cast-iron still is much 
greater than that of one constructed of wrought iron or mild steel, the average of 
the sides and top being 14 inches, while the bottom varies between 2 and 24 inches, 
the latter thickness occurring at the junction of the run-off pipe (see Fig. 20). This 
greater thickness of metal not only means a much heavier weight to support on the 
brick seatings, but a greater fuel consumption. Assisting the thickness of metal 
in bringing about the latter drawback is the somewhat poorer heat conductivity 
of cast iron as compared with wrought iron. Then the uneven thickness of the 
bottom, at the place just mentioned, combined with the comparatively poor expan- 
sive properties and low tensile strength, opens up the risk of cracking. The author 
has experienced this trouble, which is of a very serious nature. In this connection 
it should be pointed out that it is practically impossible to repair satisfactorily a 
cracked cast-iron bottom, and therefore it has to be scrapped—no small matter, as 
it means the removal of much brickwork before the damaged bottom can be got 
away and a new one put inits place. Then there is the rebuilding of the brickwork 
after the repair is finished. It will be noticed on inspecting the diagram (Fig. 20) 
that flanged joints are used in the building up of the still. This is a most unsuitable 


1 See ‘“ Corrosion of Industrial Iron Work,” by A. R. Warnes and W. 8S. Davey, 
Jour. of Soc. of Chem. Ind., June 15th, 1910. The Gas World, April 23rd, 1910, p. 528, and 
May 7th, 1910, p. 599. 

= See “Coal Tar Distillation,’ by A. R. Warnes; Trans. Midland Jumor Gas 
Association for 1910, pp. 15-29, or the Gas World, October 15th, 1910, p. 462. 
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kind of joint for a vessel that is subjected to such high temperatures as a tar still. 
The chief difficulty is to keep the joint tight, even when the faces are perfectly trued 
up. The tisk of a leaky bottom joint is increased somewhat by the fact that the 


4 b 
Tg-INCH METAL 





Fic. 20.—D1aGRAM OF CAST-IRON TAR STILL. 
(Not to be recommended.) 


thickness of the metal of the bottom is greater than that of the sides, thus producing 
a certain amount of unequal expansion and contraction. 


Both mild steel and wrought iron enter largely into the construction of tar 
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stills, but there is a diversity of opinion as to which is the better metal to use. It 
seems, however, that mild steel is in greater favour. Whichever metal is chosen, 
it is very necessary to see that the best quality is obtained. In the case of wrought 
iron there is always the risk of laminations or blisters occurring, even in the best 
qualities, and the thicker the plates the more liable they are to this defect. The 
author has frequently seen plates which to all outward appearances seemed perfect 
open out very badly on shaping, owing to lamination defects. Fracture is frequently 
caused by laminations or blisters, and corrosion is materially assisted. Owing to 
the fact that wrought iron is brought into contact with fettling materials (tap 
cinder, broken slags, red hematite) in the course of its manufacture it is not homo- 
geneous in structure, and this state is one which also assists corrosion. Some prefer 
wrought iron because of its fibrous structure, but this condition must not be con- 
sidered as an absolute indication of strength. In cases in which shaping has to be 
done across the grain, there exists the risk of cracking. 

Mild steel is,in the author’s opinion, the better metal to use. It requires, however, 
rather more care in working the plates. Well-made mild sheet is perfectly homo- 
geneous in structure, owing to the fact that in the process of manufacture the whole 
mass is in the state of fusion. There is a greater freedom from impurities, and the 
tendency to corrode locally is reduced on this account. Mild steel is rather more 
ductile than wrought iron, and, therefore, is more amenable to the treatment 
received in the process of cambering, flanging, etc. 

Much care is necessary in the process of shaping steel plates, and where possible 
this should be done by hydraulic pressure. When this cannot be done, and, of course, 
it is not possible in the case of repairs carried out in a tar distillery, careful attention 
must be given to the heating of the plates, and in particular to the shaping of them. 
The plates should be first heated to redness and then beaten into shape with wooden 
mallets, using cast-iron templet blocks. Metal hammers must not be employed 
under any circumstances. Research into the causes of corrosion has proved that 
hammering iron or steel renders it more liable to attack. This is brought about by 
the production of local strain, and when metal hammers are used this condition 
is set up to a greater extent than when the plates are shaped with wooden mallets. 
It has been discovered that overheating renders iron or steel more liable to corrosion, 
the amount of corrosion product being on an average 20 per cent. more from over- 
heated metal than from metal normally heated. 
| All rivet holes should be drilled and countersunk on the inside, not punched, 
thus avoiding the risk of cracking between one hole and another, and also the setting 
up of local corrosion when the still is in use. A research undertaken by T. Thickens 
showed that corrosion took place to a greater extent around punched rivet holes 
than around those which had been drilled, owing to the local shearing strain set up 
by the punch, and the author has been able to confirm this worker’s results. It is 
as well to bear in mind that carefully punched rivet holes will reduce the strength 
of a plate about 9 per cent., while in the case of drilled holes the loss in strength 
is not more than 14 per cent. Countersinking the rivet holes is also responsible for 
a small amount of reduction in the strength of a plate, but as the heads of rivets 


124 COAL TAR DISTILLATION 


y) 


act as points around which “free carbon ”’ collects, and as they retard somewhat 
the draining away of the pitch, and also hinder the process of cleaning, counter- 
sinking is advisable. 

It is also policy to use rivets made of the same metal as the plates ; and they 
should be of ample length, to allow a good snap-head to be formed. The seams 
must be properly caulked, best by machine, as lack of attention to this detail will 
lead to a number of very troublesome leaks. Machine riveting gives better results 
than are obtained by hand, and it is also more economical, therefore it should be 
employed whenever possible. The saving in labour charges is considerable, as for 
the cost of putting in 100 rivets by hand over 300 can be put in by machine. When 
rivets are closed by hand there is a liability of them becoming cracked, a condition 
which is due to the rivet getting too cold before the closing is completed; with 
machine riveting this is rarely the case. With reference to the diameter of the rivets, 
and the pitch of the rivet holes, these dimensions should vary according to the 
thickness of the plate used. A good thickness to employ, at least for the shell, 
and the one generally adopted (sometimes throughout), is $ inch. The pitch of 
the rivet holes and diameter of the rivets should be 2 inches and { inch for wrought 
iron and 2 inches and +3 mch for mild steel. The centre of the rivet hole to the edge 
of the plate should be 14°; inch for wrought iron and 12 inch for mild steel. As the 
top, or dome, of the still is subjected to the action of corrosive vapours to a greater 
extent than the shell, and with some tars very much more so, it is advisable to con- 
struct this portion of the still of slightly thicker plates than those used for the shell. 
A useful thickness is 3% inch; the pitch of the rivet holes and the diameter of the 
rivets should be 24 inches and 1 inch respectively for mild steel and 24 inches 
and +¢@ inch for wrought iron. The centre of the rivet hole to the edge of the 
plate should be 14 inches for mild steel and 17% inches for wrought iron. The 
author strongly recommends the use of mild steel for the construction of the dome 
and shell of the still. 

It is difficult to say definitely whether wrought iron or mild steel is the best 
kind of metal to use for constructing the still bottom. The author has had a case 
in which two still bottoms, one of mild steel, one of wrought iron, and each put 
into commission at the same time, have “‘ come down ”’ within a week of each other, 
necessitating the replacing of the greater part of the bottom of both stills. The 
conditions in this instance were certainly very drastic, the tar being of a very bad 
quality and the still bottoms not protected in any way by brickwork. The author’s 
experience (bearing in mind the case just mentioned) has caused him to come to 
the conclusion that, on the whole, wrought iron is the better metal to use. Careful 
observation has shown that wrought-iron bottoms, properly treated and protected 
by brickwork when necessary, last longer than those constructed of mild steel. 
An investigation commenced by the author part of which is not completed, seems 
to show that metal of fibrous structure is the best kind to use for the construction of 
still bottoms. In all cases where a still bottom has “‘ come down,” cracked, or become 
badly burned, the metal removed from the damaged parts has been highly crystalline 
in structure, and very brittle, even when fibrous metal (wrought iron) has been used. 
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Experiments have shown that this crystalline state takes some time to form in the 
case of wrought iron; mild steel is already of a crystalline nature. It appears that 
the crystalline state is brought about mainly by the iron taking up carbon, and it 
is quite well known to metallurgists that the greater the carbon content of the metal 
the more brittle it becomes. Brittleness is a source of weakness in a still bottom 
in many ways, and the author has known cases in which still bottoms have been 
cracked, and even pieces knocked out, during the process of still cleaning. A good 
thickness of wrought-iron plate to use for still bottoms is 3 inch, and for this thickness 
rivets of 1 inch diameter are necessary. The pitch of the rivet holes should be 
2+ inches, and 14 inches is allowed from the centre of the rivet hole to the 
edge of the plate. 

The author knows of an excellent type of still which is made by the Leeds and 
Bradford Boiler Co., Ltd. The plates used in building this still are pressed into shape 
between dies by the use of hydraulic power, the temperature of the plates being kept 
practically uniform throughout the process. This results in perfectly smooth plates, 
the metal of which is not fatigued and otherwise damaged, as is the case when shaping 
is done by the hammer, and the rate of corrosion is thereby lessened ; as has been 
already pointed out overheating and straining increase the speed of corrosion con- 
siderably. All the rivet holes are drilled, not punched, and in the case of the bottom 
plates, these, after shaping, are placed in position and the holes drilled concentrically. 
This procedure gives a fair hole and does away with incorrect pitching of the holes 
and the consequent straining of the plates by the abusive employment of the drift. 
The whole of the riveting, with the exception of one seam of the shell, is done by 
hydraulic riveting machines and the caulking by pneumatic tools, thus eliminating 
the risk of cracked rivets and securing thoroughly tight joints. 

Tar stills are built in various sizes, the chief being 10, 15, 20, and 30 tons working 
capacity. The 15-ton size is used very largely in this country, a great point in its 
favour being that its contents can be worked off in between 14 and 15 hours. Although ~ 
tar stills of various shapes have been tried from time to time, none of these shapes 
has proved so satisfactory in use as that known as the pot or vertical still, and it is 
this type of still that will now be described. The pot still is divided into three 
chief parts, namely, the shell, which is a vertical cylinder, the diameter of which is 
a little greater than the height; the top, cover, or dome, which, in a properly designed 
still, should have very little rise in it; and the bottom, which is concave from the 
outside and pitched high. The still is provided with the following fittings: A 
safety-valve, or similar contrivance ; a swan neck for conducting away the vapours ; 
a steam-pipe inlet block, and a steam-pipe inside connected to a perforated coil or 
criss-cross arrangement ; a charge block, for connecting up to the charging pipe ; 
a dipping cock, or an overflow cock ; a manlid stool and lid; and a tail pipe, with 
cock, for running off the pitch. A thermometer pipe is sometimes fitted either into 
the dome or the top of the swan neck. The separate parts of the still and the several 
fittings will now be dealt with serzatom. 

The shell of the still is built up of wronght iron or, better, mild steel plates, 
riveted, and of thickness already described. For a 12-ton still the diameter of the 
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shell may be 9 feet 6 inches and the height 8 feet 6 inches ; for a 15-ton still, diameter 
10 feet and height 9 feet. The dome, or top, of the still is constructed of sketch 
plates and a dome plate (see Fig. 21), riveted and of thicknesses previously described. 
The number of segments or sketch plates varies according to the size of the still 
or the ideas of the designer; for instance, in a 12- or 15-ton still this number 
may be eight. The pitch or rise should not be more than 15 inches for a 12- 
or 15-ton still. A large number of stills have been and are at present con- 
structed with high-pitched domes; this is a mistake, as it does not add to 





Fic. 21.—D1aGRAM SHOWING A METHOD OF ARRANGING SKETCH PLATES 
ON Sti~L Dome. ; 


the efficient working of the still, nor is it necessary from the point of view 
of strength, and it materially assists in the process of corrosion. As pointed out 
by the author in a paper read before the Society of Chemical Industry,+ corrosion 
of tar stills is brought about by aqueous vapours containing chiefly ammonium 
chloride in the dissociated state, and proceeds most rapidly at those points where 
condensation takes place, and where the condensed vapours are able to trickle down 
the plates. A high-pitched dome provides all these bad points ; it is more difficult 
to lag properly, it exposes a greater surface to the cold atmosphere, especially of 


1 Jour. Soc. Chem. Ind., June 15th, 1910, No. 11, Vol. 29. 
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winter (most tar stills are in the open), and the manholeis in a position which further 
assists in the condensation and temporary retention of the condensed vapours, which 
eventually trickle down the plate on the underside of the hole. Cases have come under 
the author’s notice in which the plate under the manhole has been corroded through 
three times in five years, and in all cases of high-pitched domes he has noticed a large 
amount of grooving on the inside. Fig. 22 illustrates diagrammatically the extent 
of corrosion which can take place on a high-pitched dome. The correct type of dome 
to use is shown diagrammatically in Fig. 21. 

The process of corrosion of the metal of tar stills is a complicated one, and it 
is somewhat difficult to form a theory which will fit in with all the conditions that 
may exist in the still from the commencement to the finish of the tar-distilling 
_ operation. Inthe author’s opinion corrosion is due to the dissociation of ammonium 
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Fic. 22.—DIAGRAMMATIC ILLUSTRATION SHOWING 
EXTENT OF CORROSION WHICH CAN TAKE PLACE 
ON A HIGH-PITCHED Domr. 


chloride, ammonium sulphide, ammonium hydrosulphide, and ammonium cyanide, 
and the subsequent action of the dissociation products upon the iron. The speed 
of the reaction is increased, in all probability, by electro-chemical conditions. <A 
state of strain contributes towards corrosion by producing a certain amount of mole- 
cular instability in portions of the iron plates composing the still, thus rendering 
these parts more easy of attack; practical experience has proved this beyond 
doubt. It is found in practice that still plates are eroded at a greater speed at the 
parts where excessive condensation takes place, and in all probability this is due, 
in part, to the continuous flow of liquid removing the final products of corrosion 
more rapidly at these places than elsewhere, and thus exposing a fresh surface of 
the iron to the corrosive agents. It is considered that the process of corrosion 
proceeds at a great rate during the latter portion of the distilling operation and 
principally during the period when steam is passing into the still, and it is also 
thought that this steam plays no other part in the process of corrosion than that 
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of producing ionisation of the ammonium chloride, etc., and increasing the power 
of action of the products of dissociation. 

The final products into which the corroded iron is converted appear to be 
chiefly ferrous sulphide and ammonium ferrocyanide. Ammonium thiocyanate 
occurs in small quantities, and traces of ferrous chloride and Prussian blue are 
occasionally present. 

The following equations will explain in a more or less simple manner the probable 
chief reactions which take place in the process of corrosion under consideration :— 


NH,CI=NH,+ HCI dissociation 
NH,HS=NH,+H,8 “3 
(NH,),.S=2NH,+H,8i — ,, 
NH,CN=NH,+HCN _,, 
Fe+2NH,Cl=FeCl,+2NH,+H, 
i 2NH,Cl=2NH,-+2Cl (ionisation) i 
holes ON EH eeoCl— NeGh ONL Lear 
6. Fe+2HCl=FeCl,+H, 
7. FeCl,+(NH,),S=FeS+2NH,Cl 
8. Fe+H,S=FeS+H, 
2 
0 


sed ae eget LT 


Fe+2HCN=Fe(CN),+H, 
Fe(CN), +4NH;5- T4HON = (NH,),Fe(CN), 


ll. 3C8,+-8NH,—(NH,).8,-+-2NH,CN-+NH, SON-+2H,8 





The chief offender in the case of tar still corrosion is undoubtedly ammonium 
chloride, and this material is in all probability derived from the nitrogen and sodium 
chloride present in the coal from which tar is obtained. According to Dr. Davidson 
the amount of sodium chloride in coal varies from 0-05 to 0-25 per cent. L. Crawford! 
examined several kinds of tar for chlorine, and obtained figures varying from 0-0053 
to 0-226 per cent. 

The still bottom should be constructed a wrought-iron plates, of a thickness 
already described, and these plates must be well riveted and properly caulked. 
Sometimes still bottoms are constructed in one piece, but this is not a good plan ; 
it makes repairs more costly and the bottom is not so strong. The most satisfactory 
way is to construct the bottom of a number of segments, or sketch plates, united at 
the crown by a circular plate known as the crown-plate. The number of segments 
may vary between 8 and 12. Methods of arranging these and the crown-plate are 
shown diagrammatically in Figs. 23 and 24. The diameter of the crown-plate varies 
between 2 feet 6 inches and 3 feet. It is advisable that the rise or pitch of a still 
bottom should be as great as possible. For a 12- or 15-ton still the rise may be 2 feet 
9 inches, and for a 30-ton still 3 feet 6 inches. The bottom is joined up to the shell 
in two ways: (a) by angle iron, and (b) by means of what are known as channel 
plates. The latter method is the better. Figs. 25 and 26 show diagrammatically the 
two methods. Important points to bear in mind when constructing still bottoms are 


1 Gas World, Coking Section, May 4th, 1918. 
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the necessity of securing as complete a draining off of the pitch as possible, and to 
avoid the introduction of joints which increase the tendency of the pitch to lodge 
and ultimately coke. Joints which make the work of still cleaning difficult should 
also be avoided. The angle-iron joint possesses the defects just mentioned, the 
nearness of the rivets acting as a nucleus for deposits which eventually coke (see 
Fig. 25). If channel plates are used, however, the risk of these troubles occurring 
is much minimised, and one of the best types of channel plate to adopt is shown in 
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Fic. 23.—A METHOD OF ARRANGING PLATES FOR Stitt Borrom (DIAGRAMMATIC). 


Fig. 26. It is not advisable to make butt joints when connecting up the channel 
plates ; lap joints are the best. 

The advantages of building a high-pitched bottom to a still are, (a) a large heating 
surface is secured, (b) the metal can contract and expand with comparative ease, 
thus minimising strain, (c) the stiffness of the bottom is increased, (d) the draining 
off of the pitch is materially assisted. 

When a tar still is working normally there should be very little pressure inside, 
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Fic. 24.—A Mernop oF ARRANGING PLatTes FoR StitL Borrom (DIAGRAMMATIC). 
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but should a stoppage occur in any portion of the condensing worm, a serious pres- 
sure may be set up. In order to give warning that a stoppage has occurred, and at 
the same time relieve abnormal pressure, a safety-valve, or a similar contrivance, 
must be fitted to the still. Safety-valves of the dead-weight type are the best to use. 
The valve should be designed with as shallow a casting as possible on the vapour 
side of the seat in order to avoid a stoppage by solidified anthracene or naphthalene 
salts. A type of valve designed by H. Astbury and the author, which in practice 
has given excellent results, is shown in Fig. 27. The safety-valve stool should be 
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Fiqg. 27.—A Typr oF TAR STILL SAFETY-VALVE. 
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cast as shallow as possible, and riveted on to the still dome (see Fig. 28). The seat 
should not be too narrow, and the valve should be weighted to blow off at a pressure 
of 6 lbs. to the square inch. Another contrivance, often known as the S-pipe, is 
illustrated in Fig. 29. This device is nothing more than a water seal, the two limbs 
of the U-bend being filled with ordinary water. The length of each limb should be 
3 feet 9 inches and the internal diameter of the tube ? or 1 inch. There is a much 
greater risk of this safety contrivance becoming clogged than with the safety-valve 
just described; the clogging generally occurs in the 
upright tube which is connected to the still. The S-tube 
may be fitted to the top of the swan neck, or on the 
still dome. 

The risk of fire when a safety-valve blows off is 
well known to all those who have had charge of a tar 





Fic. 28.—SAFETY-VALVE No . Pues . 
Seis distillery, and in order to minimise this danger enclosed 


safety-valves have been designed and recommended. 
From one side of the casing which encloses the valve a pipe is led off which is 
intended to carry the vapours as they escape from the safety-valve to a coil in 
which they may be condensed. Some enclosed valves are fitted with an electrical 


contact, so that when the valve seat lifts contact is made 
and a suitable signalling apparatus is brought into action by 
which the workman is warned of the danger. 

In the opinion of the author the use of enclosed safety- 
valves is a somewhat risky one, as, should the still be 
working, say, tar of a high naphthalene content, or should 
the process be near the finish, and the safety-valve blow, 
then in the former case vapour of high naphthalene content 
and in the latter pitch vapour, will leave the valve, and there 
is a great risk of the pipe leading from the valve becoming 
choked. If this occurs then the object of the safety-valve 
is defeated. It is far better to attend to the design of the 
fireplace so that the vapours cannot easily reach the fire, and 
leave the safety-valve open to the atmosphere. 

The swan neck should be made of cast iron, and is 
bolted on to a swan-neck stool (see Fig. 30). Cast iron is 
used because it is easier to manufacture a fitting of this 
shape in that metal, and it also resists to a far greater extent 
than wrought iron or mild steel the corrosive action of some Fic. 29.—S-Pien Sarery 
of the tar distillates. CONT EE LES CEHae Sen 

INSTEAD OF A SAFETY- 

In the making of these castings it is not wise to employ _—_yatyz. 
chaplets, as at their points of introduction local corrosion is 
almost sure to take place, due to electrolytic action set up by the difference in 
potential between the chaplet metal and that of the casting in the presence of 
moisture containing ionised ammonium chloride. 

The internal diameter of the stool should be 12 inches and the swan neck tapers 
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from 12 inches down to 4 inches. A flange must be cast on the narrow end for the 
purpose of attaching it to the condensing coil. The swan-neck stool should have 
cast on to it a short length of about 4 inches beyond the lower flange, which will 
project into the still when the stool is riveted into position. This will prevent any 
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Fic. 30.—DIAGRAMMATIC ILLUSTRATION OF TAR STILL. 


condensed vapours from trickling down inside of the dome, and so assist in minimising 
the rate of corrosion of the plates of the dome. 

For the purpose of reducing the temperature towards the end of the tar-distilling 
operation, and to keep the still contents in a state of agitation, in order to prevent 
as far as possible the coking of the pitch on the bottom plates, it is usual to 
provide the still with open steam coils. At the poimt where steam enters 
the still, it is necessary to fit a steam-pipe inlet-block, which is made of cast 
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iron, and of a design shown in Fig. 30. It is just as well to provide two valves on the 
steam main in order to reduce the risk of a leakage of steam or condensed steam 
into the still, should one valve become defective (see Fig. 30), and it is not a bad 
plan to introduce a small pet cock between the two valves, through which any 
water may be blown before steam is admitted into the still. Fig. 30 illustrates this. 
The steam inlet pipe may be of 1 inch or 1} inch internal diameter, and this pipe 
is connected inside the still to one of a similar diameter, and of such a length that it 











Fic. 31.—ARRANGEMENT OF STEAM-PIPES. 


reaches the crown plate of the still bottom. Here it is coupled up to a 4-, 6-, or 8-way 
piece. Into the. outlets of these fittings, pieces of perforated pipe, bent to conform 
to the shape of the still bottom, are fitted. The internal diameter of these pipes 
should be about $inch, and the holes are best drilled in such a position that the steam, 
as it emerges, impinges upon the plates of the still bottom. A satisfactory pitch for 
the holes is 6 inches, and it is advantageous to drill them on each side alternately, an 
occasional one being placed right underneath. The end of each steam-pipe should, 
of course, be closed by a plug or cap. As regards the lengths of the perforated pipes 
these often have to be determined by a working experience with the still into which 
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they are put. It is often found that coking will take place to a greater extent on 
one part of a still bottom than another, and sometimes even in the trough or channel, 
and when this occurs it is necessary to arrange that jets of steam play upon these 
parts. Several methods ofarranging these pipes are shown diagrammaticallyin Fig. 31. 

To couple up the charge pipe to the still, a casting often termed a charge block 
is provided. This fitting is riveted on to the still, either just below the point from 
which the still top or dome springs, or just above that point on the dome itself. 
Of the two positions the latter is the better, in any case so far as minimising corrosion 
is concerned. In the author’s experience, with inlets fitted to the still side there has 
always been serious corrosion. A good type of charge block and two methods of 
fitting it to the still are shown in Fig. 32. 

In order to prevent overcharging, the still should be fitted with a dipping cock 
or an overflow tap. The latter is preferred by some; and if it is desired to fit it 
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Fig. 32.—D1aAGRAM SHOWING | Fic. 33.—MANHOLE AND LID, 
METHODS OF FITTING CHARGE WronG TYPE. 
BLocKS TO STILL. 


to the still, it should be placed at the full-charge level. An arrangement for carrying 
away any tar which may overflow must be provided. If the still is charged from a 
preheater, or a blow-boiler which contains an exact still charge, then an overflow tap 
is not necessary. It is contended by some that a dipping tap is unnecessary; but 
particularly in the case of stills charged by preheaters, it is advisable to use this fitting, 
as there is a possible chance of the charge pipe between the preheater and the still 
becoming stopped, and the use of the dipping tap provides a ready means by which 
the stillman can find out that the still is charged and also approximately check the 
volume of tar in the still. The dipping tap may be an ordinary 1-inch cast-iron plug 
cock, and it is advisable to rivet it to the still by means of a flange. A combined steam 
inlet and dipping tap block is shown in Fig. 30. The dipping rod can be made of 
narrow flat bar iron. For an overflow cock some prefer to use a l-inch brass or gun- 
metal bib-cock, but as these metals are so easily corroded by sulphuretted hydrogen, 
ammonium chloride, etc., it 1s, in the author’s opinion, best to use cast-iron gland 
cocks for this purpose. 

In order that men may enter the still for cleaning purposes, conducting repairs 
and making inspections, it is necessary to provide the still with a manhole and a lid 
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to cover it. As there is an element of danger to the workman while he is inside the 
still, it is advisable to make the manhole rather larger than the regulation size em- 
ployed by boilermakers. The reason for this is that should a man become “ gassed ” 
and have to be hauled out of the still at the end ofa rope, great difficulty would be 
experienced in dragging the man through a regulation size manhole, and in cases 
like this rapidity of action is of the utmost importance. Oval manholes of 18 inches 
by 12 inches could be used with advantage. 

It is a common practice to construct manholes as shown in Fig. 33. This is 
an expensive and also unsatisfactory design. Owing to the large amount of surface 
exposed to the cooling influence of the atmosphere, excessive condensation takes 
place in the casting, and the condensed vapours trickle down the side of the still. 
This brings about excessive corrosion. There 
are cases which have come under the author’s | 
notice of still plates having an original thickness 
of 3 inch being corroded through in eighteen 
months. The best type of manhole and lid to 
employ is shown in Fig. 34. This design enables 
the stillman to cover the manlid completely with 
lagging ; for instance, a silicate cotton mat, after 
he has drawn the manlid tight. There are no 
projecting surfaces, and even if lagging is not 
used, the risk of condensation is very much less 
than if the type shown in Fig. 33 is adopted. 

Pigs MEE De ms sO PIp ve SNOWED ue Fic. 34.—DRraw-up MANLID, CORRECT 
constructed of wrought iron or mild steel, and een 
should be riveted to the still casing and channel 
plate. One example of how this is done is shown in Fig. 30. The portion attached 
to the still must be carefully flanged, and the rivet holes drilled, not punched. 
It may be 4 inches or 6 inches in diameter, and not less than 18 inches long, and 
should be provided with a flange, welded on, in order to connect it with the 
run-off cock. The run-off tap may be of the main cock or Butterfield type (Fig. 35), 
and the plug should have a full-way. In the experience of the author cast-iron 
gland cocks do not give such satisfactory results. It is advisable to place an 
expansion joint between the cock and the pipe which connects it to the pitch cooler. 

In this country a thermometer is not often fitted to a tar still, in spite of the 
advantages it offers, but if it is desired to use one then it is advisable to enclose it 
in a case or tube. This tube may be constructed of wrought iron, welded at the 
bottom, and a few holes drilled at that point ; cast iron is, perhaps, a better metal to 
use for the tube from the point of view of corrosion. The top portion is provided 
with a flange by means of which it is riveted to the still dome, and it should be placed 
as near the swan-neck stool as possible. To the thermometer is fitted a threaded 
collar so that it can be screwed into the tube and thus prevent the escape of vapours. 

To fit both the still and the combustion chamber of the furnace with distance 
or recording thermometers is useful from the point of view of gaining knowledge 






> (re > 
ALLA COTTE ah oT ORG 
Li DSSS rr, [RAY 
Oh ZT VT 





136 COAL TAR DISTILLATION 


as well as to keep complete control of the distillation process. The Negretti and 
Zambra patent transmitting thermometer, a very reliable and sensitive instrument 
the error in the reading as a rule not being more than 0-25 per cent., can be fitted to 
a tar still and the dial placed in a position level with the stillman’s eyes, thus doing 
away with the need of mounting to the still top to ascertain the temperature of 
its contents during distillation, and minimising the risk of accident especially on the 

night shifts, and also facilitating matters in connection with changing over from one 
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Fie. 35.—BUTTERFIELD Cock. 


fraction to another. If it is desired to record temperature against time then a ther- 
mograph or recording transmitting thermometer may be used in the place of a dial 
thermometer. As a matter of fact this instrument can be read by the stillman quite 
easily, and on this account will serve the dual purpose of indicating change-over 
points and keeping a permanent record of the temperature—time of an operation. 
In addition to distance thermometers (dial and recording) the Cambridge and 
Paul Instrument Co., Ltd., manufacture a useful electrical distance indicator which 
can be connected to a number of thermometers and by the manipulation of a switch 
or “ plug” a reading can be taken of the temperature, for example, of a still furnace 
or its contents. It is possible for two or three stills to be connected to one indicator. 


CHAPTER VII 


PLANT USED IN THE DISTILLATION 
OF TAR (continued) 


IT is important that tar still foundations be good solid ones, and as the nature and 
bearing strength of soils vary, thus influencing the method of construction, it is wise, 
betore erecting a single tar still or a battery of them to give careful consideration to 
the choice of the site. The soils (or rather what lies below the soil and sub-soil) 
usually met with in practice are sand, gravel, clay, chalk, and the harder types of 
rock. If not already known, the condition of the site should be examined, and if 
it 18 found to consist of spongy soft gravel, peat, quicksand, sand liable to be affected 
by running water, soft wet clay or marsh clay, then the position should be rejected. 
Firm sand, compact gravel, solid clay, indurated marl, hard chalk, limestone, sand- 
stone, or other kinds of rock are the best to build upon. In the cases of the four first- 
mentioned materials (firm sand, etc.) 1t1s a very wise procedure to put in a foundation 
of properly prepared cement concrete of a thickness varying between 6 inches and 
9 inches according to existing conditions, but if the stills are to be erected on 
chalk, limestone, etc., then any unsound portions must be cut away, and the gaps 
filled in, and the site levelled up with cement concrete. It should be borne in mind 
that in cases of foundation building it is as well to err on the side of safety, and should 
there be any doubts as to the state of the natural foundation, a thicker concrete 
foundation, or one made of reinforced concrete, should be putin. Although cheaper, 
lime concrete must never be used, and cement which has become damp should be 
studiously avoided for concrete making. Due regard must be paid to the time taken 
for cement concrete to set: if, after a lapse of twenty-four hours, it is found to be 
soft, the lot should be pulled out and replaced by a better make. For further par- 
ticulars on concrete the reader is referred to pages 112-116. Every endeavour should 
be made to avoid excessive settling of a tar still, for if this takes place many difh- 
culties will subsequently arise. The making of a satisfactory joint between the swan 
neck and the condenser coil will not be possible ; the incomplete draining away of 
the pitch from the still, and serious cracking of the flues, are some of the troubles 
which will be brought about. 

To a very large extent the efficient working of a tar still depends upon the care 
used in the designing and building of the flues and the setting of the still. Bad 
designing and careless building will result in one, several, or all of the following 
troubles : (a) An excessive consumption of fuel ; (b) a prolonged operation, resulting 
in extra labour, expense, etc. ; (c) boiling over at the commencement of the opera- 
tion ; (d) burning of the still shell ; (e) increased corrosion, owing to unequal heating 
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producing strain or to severe heating of plates not covered with liquid ; (f) bringing 
down or burning out of the still bottom. As much attention should be paid to tuel 
economy in connection with tar stills as with steam boilers. It is quite possible in 
a large works to burn per annum 600 tons of coal over and above the normal quantity, 
should the flues be improperly built. This is no small item. 

The flues and the fireplace should be constructed of the very best firebrick and 
fireclay ; easily fused firebrick will cause no end of trouble if used, therefore bricks 
having a melting-point or fusing-point above 3000° F. are the best to employ. 
They must be free from holes or flaws, and should not show more than | per cent. 
of linear contraction or expansion when submitted to a temperature of 2500° F. 
For outside work, a non-absorbent brick must be used, and brindled or Stafiordshire 
blue bricks prove very satisfactory in this case. The object of using this type of 
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Fic. 36.—SHowina METHOD oF FILLING IN BETWEEN STILLS AND OUTER WALLS. 


brick is to prevent the absorption of moisture during rainy weather, for if this takes 
place, serious cracking of the brickwork will inevitably follow. In a battery of stills 
the spaces between the outside of the flues and the straight edge of the outer wall 
(see Fig.36)should never be filled inwith grouted broken brick or concrete, but should 
be built in properly with common brick set in ordinary mortar. The mortar shouldnot 
ere toothickly between the bricks, either for the inside or outside work: a thickness 
of =, inch is ample. This remark applies also to the fireclay used in setting the fire- 
ales The firebricks must be clean and free from dust before laying, and if very 
dry they should be well wetted with water, otherwise the fireclay will not adhere 
properly to them. The author recommends pointing the outside work with neat 
cement, and covering that at the top with cement rendering roughed with coarse 
grit. The object of roughing is to minimise the risk of the stillman and his assistants 
slipping when walking on the still top. It is advisable to build the top brickwork 
with a slight fall towards the edge and to put in an overhanging coping of round 
or bull-nose bricks (see Fig. 37). 

The thickness of the ordinary brickwork outside the flue should be at least 
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18 inches. In the case of a single still, this brickwork may be built round the flues, 
forming a cylinder. It is necessary to strengthen the brickwork by encircling it 
with straps or bands made of flat bar iron. The brickwork of a battery of two or 
more stills will remain in excellent condition, and not develop serious cracks, etc., if 
strengthened by means of buckstaves and tie-bars. 

The structure from the concrete foundation to the under portion of the floor of 
the combustion chamber is built of ordinary brick. It is necessary, however, to 
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Fig. 37.—BRIcCKWORK OF STILL TOP WITH COPING. 


build the floor of the combustion chamber with firebrick. This kind of brick is 
also used to build the still seating, and, of course, the flues. In the lower portion of 
the structure an opening is left for the ash-pit, the floor of which should be, for 
preference, on a level with the ground. Some tar distillers prefer to build the ash-pit 
below ground, but in the author’s opinion this method is not so safe as the former, 
should the still bottom spring a leak, and the ignited tar commence to run rapidly 
into the ash-pit. It is much easier to put out a fire with sand in the case of an ash- 
pit built on the floor level than one built below ground. The fire-bars are of that 
pattern employed for burning small coal (slack or smudge), and are supported on 
bearing bars and provided with a dead plate, as usual. A cast-iron door frame is 
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built in and arched over during the building of the front portion of the external 
brickwork. 

The still is supported on an annular ring of firebrick, 9 inches in width, built 
several courses high, and sprung from the floor of the combustion chamber (see Fig. 
38). At a point opposite the fire-door position, openings are left for the purpose 
of allowing the passage of flame and hot gases to the flues. The portions of the channel 
plate of the still over these openings in the annular ring must be very carefully 
protected by building small brick arches under them (see Fig. 40), otherwise the metal 
will soon suffer severely. With reference to the size of these openings, they will 
vary according to the dimensions of the still, one 9 inches from the base to the top 
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Fic. 38.—ANNULAR Rine (Stitt SEAT) OUTLETS TO FLUES. 


of the arch rise by 1 foot 6 inches wide will prove large enough for most purposes. 
In between the top of the arch rise and the channel plate of the still at least 12 inches 
of firebrick should be built. If preferred openings can be left in the annular ring 
and these covered with firebrick slabs of at least 3 inches in thickness, but in the case 
of stills which are to be used for working tars liable to deposit much free carbon, 
then it 1s wise to protect the portions of the channel plate over these openings (or 
pigeon-holes) by using four of these slabs, making a thickness of 12 inches between 
the channel plate and the flames and hot gases. 

It is advisable in most cases to protect the bottom of the still with a firebrick 
arch, known technically as a curtain arch. This arch is sprung from the annular 
ring just referred to (see Fig. 40), and is constructed of the best quality of firebrick. 
It should be built in such a fashion that it provides approximately 44 inches of brick- 
work against the still bottom. Some tar distillers prefer to leave a small air space 
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between the firebrick and the still bottom ; the writer can recommend this method 
in cases of bad tar. | 

It is contended by certain workers that the burning and coming down of tar 
still bottoms is due almost entirely to faulty design. With this the author cannot 
altogether agree, as in his experience properly designed stills set in correctly built 
flues have given a very great deal of trouble in connection with the bottoms, the 
cause being “ bad ”’ tar (e.g. a tar of high specific gravity containing a large percentage 
of “free carbon”). Unprotected still bottoms can be used advantageously with 
“good” tars, and there is a saving in fuel consumption, coupled with a little more 
ease in the matter of control of the rate of distillation, but it must be kept in mind 
than any saving in fuel may be quite easily negatived by extra costs for repairs 
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Fic. 39.—D1IAGRAMMATIC REPRESENTATION OF GAS INLET AND OUTLET 
IN SINGLE WHEEL FLUE (plan). 


to bottoms and pulling down and replacing brickwork, in addition to the inconvenience 
caused by the still remaining idle, should the tar happen to be of the “ bad” type. 
In connection with this matter the following figures may be of interest to students 
and other readers: Mean of 20 workings of a still with unprotected bottom, 1-17 
cwts. coal per ton of tar distilled; highest 1-22 cwts., per ton of tar; lowest 1-10 
cwts. per ton of tar. Mean of 20 workings of a still with protected bottom, 1-41 cwts. 
coal per ton of tar distilled ; highest 1-46 cwts. per ton of tar ; lowest 1-38 cwts. per 
ton of tar. In another case the extra amount of coal used under stills with protected 
bottoms for a period of twelve months cost £92, while the saving in repairs to the 
bottoms amounted to £111. : } 

In order that the pitch can be run off readily and the still drain well it 1s neces- 
sary to place the still on its seat with a fall towards the tail or run-off pipe. This may 
be approximately $ inch to the foot, or, say, for a still of 9 feet 6 inches in diameter, 
44 inches. The run-off pipe and cock are liable to become “ set-up ” with a plug of 
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cold pitch at times, especially during cold weather, and to avoid this trouble as much 
as possible this appendage to the still must be protected from draughts and cold air. 
This is done by building in the greater part of the tail pipe and constructing a brick- 
work recess to cover the run-off cock. Into the recess, and covering the cock, a 
quantity of sand is placed before commencing the distillation. Should by any 
unlucky chance the cock become “ set-up,” then a little cotton waste saturated with 
creosote can be placed under it and ignited, and the heat from the combustion will 
melt the pitch and set the plug of the-cock free. 

Of the several types of flue, that known as the wheel flue is the best. This 
kind of flue is built single or double according to the size of the still: a single flue 
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Fic. 40.—DIAGRAM SHOWING ONE ReTEOD OF PROTECTING BOTTOM OF 
STILL SHELL, ALSO CHANNEL PLATE AND BorTom. 


being used for small stills up to 15 tons, and double flues for the larger sizes. In 
the case of double flues two openings must be built in the still seat instead of 
one, in order to split the hot gases and send them in opposite directions round the 
bottom of the flue. These openings need not be quite so large as that of the hot gas 
exit of a single wheel flue. Immediately above the arch over the firebars a 9-inch 
mid-feather or baffle wall is built to the total height of the two flues. On each side 
of this mid-feather an opening is made in the lower flue cover, in order to allow 
the hot gases to pass into the upper flue, the mid-feather causing the gases to flow 
in two directions towards the back of the still, where they come to the downtakes, 
which in turn lead to the main flue. A damper is always fitted in the downtake to 
regulate the supply of air and‘control the combustion of the fuel. The top flue is 
covered in by corbelling several courses of firebrick, or using firebrick flue covers, 7.e. 
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slabs of firebrick known as burrs. The under side of the flue cover must be at least 
9 inches below the level of the residual pitch at the finish of the distillation, in 
order to prevent overheating of the plates of the still shell. Tar still flues are 
generally built 9 inches or 12 inches wide, and of a depth varying with the size of 
still. 

In a single wheel flue the mid-feather or baffle wall must be built in between the 
gas inlet to the flues and the downtake, in order to cause the hot gases to encircle 
the still completely (see Fig. 39). The width of the flue may be the same as that 
of the double wheel flue, and it is covered in in a similar manner. Whether double 
or single wheel flues are built, it is advisable to protect the bottom portion of the 
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still shell with a few courses of firebrick when very bad tar has to be distilled. In 
order that this may be done it 1s necessary to recess the outer bottom portion of the 
flue. Fig. 40 illustrates the manner in which this is carried out. To secure the most 
satisfactory result the firebrick lining of the flues should be built of circle bricks of 
the required radius. These can be made to order, and may be obtained from any 
responsible firebrick manufacturer. 

In building the flue, it should be remembered that the still shell will expand 
and contract throughout each operation. There is on this account always a certain 
amount of difficulty in keeping the various parts of the flue tight. In the case of the 
mid-feathers or baffle walls this may be overcome almost completely by riveting 
a piece of angle iron to the still, and building the firebrick on both sides of the pro- 
jecting portion, as shown in Fig. 41. As regards the top cover of the flue, there 1s 
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less difficulty here, owing to the number of courses of brick built above it, and the 
manner in which the top of the still is covered (see Fig. 42). As the flues are liable 
to become partly choked with dust after a period of working, especially if solid fuel 
is employed, air-tight dust-doors fitted in convenient positions will be found useful 
for cleaning purposes. Only skilled furnace builders should be employed to erect the 
furnaces and flues ; ordinary bricklayers, as a rule, are not sufficiently conversant 
~ with this kind of work, and will generally turn out an unsatisfactory job. 

If it 1s desired to employ gas for firing, careful attention must be given to the 
design and building of the gas and air inlets, passages and burner. Ignition of the 
gas should not take place until it has reached the combustion chamber, and the air 
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Fic. 43.—Diacrams A AND B SHOWING, IN PLAN, Two METHODS OF 
BUILDING A PRODUCER GAS BURNER OF BRICK. 


and gas should mix just before they enter that place. The volume of air and gas is 
controlled by valves, slides, or dampers, and the gas is admitted to the burner passage 
from the gas sewer, conduit, or main gas flue by a mushroom valve, controlled by 
a spindle and wheel. Both the gas and air passages are built of firebrick throughout, 
and, of course, will run parallel to each other. Water-air gas is generally forced into 
the gas sewer from the producer, and is therefore hot when it reaches the gas-burner. 
The air is warmed a little during its passage to the burner end by the hot bricks 
with which it comes in contact. Two methods of building a producer gas burner 
are shown in Fig. 43. The ordinary firegrate is not dispensed with: it is useful in 
case the gas supply fails, and sometimes as an auxiliary. If desired, a Terbeck or 
Cumberland burner may be employed instead of using the burners just described. 
Figs. 44 and 45 will give a general idea of these pieces of apparatus. The firing of 
tar stills is dealt with on pages 145 and 147. 
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After the still settings are finished sufficient time should be allowed for the 
brickwork to dry out. If “ green” brickwork is heated a quantity of steam is gener- 
ated and this, due to expansive force, brings about cracking, sometimes of a serious 
nature, which will eventually lead to a weakened structure and leaky flues. It is 
wise to allow one or two months to elapse, according to existing conditions, before 
starting up the fire, the damper being kept open all the time in order that a current 
of air can pass through the flues and assist in drying the brickwork. A few days 
before starting the still it should be charged with tar and a slow fire lighted in the 
grate and kept going for two or three days. 

The gas sewer or conduit is built below ground, along the whole range of stills, 
and careful brick setting is necessary in order to avoid leakage of gas. The outside 
brickwork should be of best blue brick, and the joints made of cement mortar, and 
not too thick. The lining is built of firebrick, properly tied into the outer wall. 
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The conduit is covered in with a semicircular arch of firebrick internally, and 
blue brick externally. It is advisable to provide the conduit with several inspec- 
tion holes about 18 inches by 2 feet 6 inches in size, covered with cast-iron lids. 

Several advantages are secured by the use of producer gas for firimg tar stills, 
among which may be mentioned : (a) The operation of distillation may be controlled 
somewhat more easily; (6b) the risk of prosecution for making black smoke is 
obviated ; and (c) fewer men are required to work a battery of stills. A little more 
coal is burned per ton of tar if producer gas is the fuel employed, but the cost of 
this is not so great as that for extra labour if the furnaces are coal fired. For instance, 
an experiment made ona battery of tar stills run twenty times on coal fires and twenty 
times on gas fires, using producer nuts as the fuel in both cases, gave the following 
average results: With gas firing consumed 1-32 cwts. coal per ton of tar distilled, 
and with coal firing 1-16 cwts. coal per ton of tar distilled. The extra cost for 
coal when using producer gas approximated 0-48d. per ton of tar distilled, while 
the extra cost for labour when the furnaces were coal fired approximated 0-84d. per 
ton of tar distilled. 


L 
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It is convenient in this place to say a few words on the subject of still firing. 
As with steam boilers, the firing of tar stills should receive strict attention in regard 
to fuel economy. It is an easy matter to secure poor efficiency with either coal or 
gas firing, even if the still settings are of the first order, if the still fireman is careless 
in the way in which he manipulates his coal fire or his gas-burner. 

In the case of coal firmg many firemen are devoted to what is known as “ spread- 
ing firing ” or “‘ spreading,” as this method gives them the least trouble, but it should 
not be allowed owing to the fact that it is uneconomical and black-smoke-producing. 
If the practice of firing little and often is coupled with “‘ spreading,” and if due care 
is taken to admit the correct quantity of air, the production of black smoke is much 
reduced, but as this method means hard work it is not likely to receive favour at 
the hands of the ordinary still fireman. ? 

Another variety of firing known as “ ribbon firing ” is a modification of “ spread- 
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Fic. 45.—CUMBERLAND PATENT STANDARD PRODUCER GAS-BURNER. 
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ing firing” and it consists in throwing the “ green”’ or raw coal over one half of 
the grate, from front to back, allowing this to become partly consumed and then 
carrying out the same procedure on the other half of the grate. Owing to the fact 
that the amount of gas set free from the coal at each firing operation is much less 
than in the ‘‘ spreading’ method, the mixing with air and raising to the required 
temperature for combustion is facilitated, and this system can be considered as an 
improvement on the one just mentioned. 

The best method of firimg is known as “coking firing,” and it consists 
in shovelling the coal on to the dead plate and front ends of the firebars. As the 
fuel becomes incandescent it is pushed towards the back of the grate and more 
‘“oreen ”’ coal supplied to the front. With this method, there is little, if any, black 
smoke, and there is a saving in coal consumption. The thickness of the fire should 
not be less than 5 to 6 inches, and shallow places must never be allowed to form. 
If they do an excess of air will pass through into the combustion chamber, and this 
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will reduce the temperature of the hot gases, tend to retard perfect combustion, 
and raise the fuel consumption per ton of tar distilled. In theory, 12 lbs. of air are 
required for each 1 lb. of coal burned, but in practice it is necessary to supply 18 lbs. 
to 20 lbs. for this amount of coal. To obtain the proper quantity of air, careful 
attention must be paid to the manipulation of the flue dampers and the air grids 
on the fire-doors, as well as to the thickness of the fire and the regular cleaning of the 
firebars. 

In the case of gas firing one of the first things to be borne in mind is the risk of 
explosion on lighting up if a very simple precaution is not taken, namely, that of 
placing a few shovelfuls of burning coal or some lighted cotton waste on to the floor 
of the furnace before turning on the gas supply. Often a small fire is lighted on the 
firebars of the still furnace, using slack, and when well alight the gas is turned on. 
Occasionally small quantities of slack are spread over this fire, so that the firebars 
are kept covered to a depth of about 2 inches. 

Some prefer not to use a small coal fire, as just described, and yet retain the type 
of furnace employed for coal firing in case the gas fails. What is done in cases like 
these is to cover the firebars with firebricks, or to remove the bars and bearers 
and replace them with stopping. Of the two plans the latter is the better as it gives 
more furnace room and allows for a more satisfactory combustion. Whichever 
method is adopted the gas must be admitted gradually until the still fireman is 
satisfied that all the gas coming forward will be ignited. 

_ As the gas-burners are supplied with air ports it is a much easier matter to 
regulate the air supply in order to maintain proper combustion than it is with a coal- 
fed fire. The proportion of air to gas is different to that necessary for the proper 
combustion of coal. Theoretically, for complete combustion, it is about an equal 
volume, and in practice very little more than this is required. The best results are 
obtained with gas burners when the gas is supplied to them under a constant pressure, 
but to do this it is necessary to put in a gasholder. 


CHAPTER VIII 
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A PREHEATER (see Fig. 46) is very similar in shape to a tar still, the only difference 
being that the bottom is flat. It is constructed of wrought-iron or mild steel plates, 
and of a size to hold a little more than the charge for the still to which it is attached. 
As wear and tear are not very great, plates of moderate thickness are used in its 
construction ; mild steel plates of + inch or 35-inch are quite thick enough. The 
mountings consist of : (a) A cast-iron charge pipe block or stool with a 6-inch or 
8-inch hole, to which the charge pipe is connected ; (b) a small cast-iron swan neck 
fitted on to a cast-iron stool, for connecting to the vapour pipe, which in its turn is 
fixed to a common main leading to a condensing worm. The swan neck may be 
4 inches bore at the inlet, tapering to 2 inches at the outlet. In the author’s opinion 
2-inch or 24-inch wrought-iron steam-pipe, extra thick quality, suitably bent and 
connected to a flange, serves this purpose quite as well. (c) A 14-inch cast-iron gland 
cock fitted near the top of the preheater, through which a dipping rod may be in- 
serted in order that the workman can find out when the vessel is charged correctly ; 
if desired, instead of a dipping tap a flange can be riveted on and fitted with a 14-inch 
plug, the piug being removed each time a dipping operation is to be carried out. 
(d) A wrought-iron screwed flange of 2-inch bore, to which is fitted a 2-inch wrought- 
iron overflow pipe. This pipe is connected to a common main leading to a special 
tar tank. The overflow outlet is placed in such a position that at the finish of a 
distilling operation a correct still charge of hot tar remains in the preheater. (e) 
A wrought-iron pipe of 3-inch bore, which is known as the discharge pipe, to which 
is connected a 3-inch cast-iron gland cock. This pipe is placed on the side of the 
preheater at the bottom. (f) A manhole of 18 inches by 12 inches with draw-up ld. 
(g) Two extra deep, screwed, wrought-iron flanges of 3-inch bore, one placed so 
that its centre 1s about 3 feet 6 inches from the bottom and on the same side as the 
discharge-pipe stool, and the other on the opposite side as near the bottom as possible. 
These are for the inlet and outlet of a condenser coil, which is fixed inside the pre- 
heater. (h) A safety-valve or other suitable contrivance. 

The condenser coil is made of 3-inch wrought-iron steam-pipe, but it should 
be of extra thick quality, viz. 75-inch, in order to reduce the repair bill. The coil 
suffers severely from internal corrosion, especially the top lap; and in the author’s 
experience wrought-iron steam tube of ordinary thickness (;°;-inch) has corroded 
through on the top lap in less than six months, against eighteen months if 73;-inch 

148 


PLANT USED IN THE DISTILLATION OF TAR 149 


tube is used. The length of the coil may be approximately 160 feet, arranged in, 
say, six laps. Investigations made by the author and others indicate that the corro- 
sion of preheater coils is due chiefly to dissociated ammonium chloride and ammonium 
sulphide, the temperature at the top lap being particularly favourable to chemical 
action. | 

Some workers recommend the use of cast-iron coils in order to minimise the 
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Fic. 46.—DIAGRAMMATIC REPRESENTATION OF PREHEATER. 


trouble caused by corrosion, but against the virtue possessed by cast iron of not 
corroding so rapidly as wrought iron, must be set the clumsiness of a cast-iron coil, 
owing to its heavier weight, the many joints which are unsatisfactory in a condenser 
coil, and the lower heat transmission of cast iron compared with wrought iron. 
Fig. 47 shows one method of introducing the condenser coil into the preheater. 
The preheater is erected in an elevated position, so that the condensing coil may 
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be attached to the swan neck of the still, and the hot tar be discharged into the 
still by force of gravity. To secure efficiency it must be properly lagged with insulat- 
ing material. 

Several advantages are obtained by the employment of preheaters, the chief 
of these being: (a) There is a saving of fuel owing to the fact that hot tar 1s charged 
into the still, the tar absorbing part of the heat from the distillates passing through 
the preheater coil which otherwise would be lost; (6) the time of the distilling 
operation is reduced, as: (1) some of the entangled ammonia water is driven off ; 
(2) a portion of the crude naphtha is distilled off ; and (3) less time is taken to bring 

the still “‘round”’ (2.e. commence the distillation), 
PORTION OF PRE’ = owing to the tar being hot when charged into the 


HEATER PLATE : ; 
Myst) still; (c) more tar can be worked in a given period, 


because it is not necessary for the tar still to cool 
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down to any great extent before charging again, as 
would be the case if cold tar had to be dealt 
with. 

Connected to the outlet of the preheater coil, 
or, 1f a preheater is not used, direct to the swan 
neck, is the inlet end of the condensing coil proper. 
This piece of apparatus consists of laps of pipe, each 
A lap being circular, square, or rectangular in plan, the 
Fig. 47.—METHOD oF INTRODUCING circular type being the most general. A coil can be 

CONDENSER COIL INTO . me 
Caen oe) made of cast iron or wrought iron; the latter metal 
is preferable, as the thickness of a cast-iron coil 
and its lower power of heat transmission hinders somewhat the cooling or warming 
of the distillates, as the case may require. Another disadvantage in connection 
with cast-iron coils is the presence of a large number of flange joints, which introduces 
frequent trouble in the nature of leaking. Wrought-iron coils are manufactured 
of considerable length in one piece, and a coil of this kind will do away with the 
chances of the distillates leaking out, or the water surrounding the coil leaking in, 
as is so liable to occur in the case of flange joints. The internal diameter of condenser 
coils may vary between 2 inches and 4 inches, and the length between 130 feet and 
300 feet, according to the size of the still. A distance of not less than 31 inches 
should be allowed between each lap, in order to provide a free circulation of cooling 
water, when this is passing through the condenser, and to facilitate the periodic 
cleaning of the outside of the coil by brushing down. A distance of 6 inches is allowed 
between the outside periphery of the coil and the side of the condenser tank. As an 
example, for a 20-ton still provided with a prcheater about 130 feet of 3-inch wrought- 
iron pipe is sufficient. In order that the coil may be cleaned, it is advisable to arrange 
for a ¢ inch steam inlet, so that steam can be blown in after each operation. This 
provision will also assist in loosening a stoppage, should this occur. The steam inlet 

may be placed at the top of the coil before it enters the condenser tank. 

The condenser coil is corroded from the top downwards, but not to such a great 
extent as the coil in the preheater. The corrosion also takes place from the outside 
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as well as the inside, especially at the top lap at the “‘ wind and water” line. On 
an average the top lap, if made of wrought-iron tube of ;’5-inch in thickness, will 
last three years. It is possible to cut out the top lap when it is corroded through 
and join on a new lap; but if this is done, care must be taken to make a thoroughly 
good joint. The writer can recommend wrought-iron tube of 7°5-inch thickness for 
the construction of a condenser coil. 

The amount of cooling surface of condenser coils allowed at different works 
varies considerably. For instance, taking a 12-ton still, in one case 200 square feet 
in a water condenser, with 237 square feet in a preheater is allowed ; while in another 
case 90 square feet in a water condenser, with 110 square feet in a preheater is made 
to serve the purpose; and in another case 146 square feet with no preheater is all 
that is considered necessary. This last figure is not to be recommended if a high 
degree of efficiency is required. 

To calculate accurately the size of a condenser coil is not a simple matter as 
many factors are involved, some of which being of uncertain magnitude, and many 
physical constants which are required have not yet been determined. The subject 
of design of condensers will receive further attention in the chapter dealing with 
plant for the recovery of benzoles and naphthas; but the following figures, which 
are approximate, will no doubt be useful to the student. 

Let 1t be assumed that it 1s required to find the length of a 3-inch condenser coil 
to be attached to a tar still of fifteen tons working capacity. Fifteen tons of tar on 
distillation will yield, say, 1,305 gallons of distillate, split up as follows :— 


Crude naphtha . ; , . 60 gallons or 552 lbs. 
Ammoniacal liquor. . 83 gallons or 858 Ibs. 
Light oil ; 255 gallons or 2,573 lbs. 
Middle oil, Creosote oil, and Anthracene oil . 907 gallons or 9,478 lbs. 


The crude naphtha, ammoniacal liquor, and a portion of the light oil are reduced 
to a temperature approximating 60° F., but the other portion of the light oil and 
the middle, creosote, and anthracene oils leave the condenser coil at a much higher 
temperature than this, a fact which must be taken into consideration as indicated 
below. The steam to be condensed during the final stage in the distillation of the 
anthracene oil fraction has not been taken into account in this calculation ; it is an 
unknown quantity as regards its amount. 


CrupE NapHTHa.—d52 lbs. to be cooled from, say, 370° F. to 60° F. 


370—60=310° 
310 x 552 x 0-5=85,560 B.Th.U. 


average 
specific 
heat 
+latent heat of vaporisation from boiling-point, 


say, 153 552 x 153=84,456 B.Th.U. 
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AmMonracaL Liquor.—858 lbs. to be cooled from, say, 212° F. to 60° F. 
212—60=152 
152 x 858= 130,416 B.Th.U. 
+latent heat of vaporisation from boiling-point 
=966 858 x 966=778,828 B.Th.U. 


Ligut O1L.—1,211 lbs. to be cooled from, say, 428° F. to 60° F. 
428 —60=368° 
368 x 1,211 x 0:5=222,824 B.Th.U. 
+latent heat of vaporisation from boiling-point, 
say, 153 | 1,211 x 153=185,283 B.Th.U. 
1,362 lbs. to be cooled from, say, 464° F. to 100° F. 
' 1,362 x 0-5 x 364= 247,884 B.Th.U. 
+latent heat of vaporisation from boiling-point, 
say, 153 1,362 x 1538=208,386 B.Th.U. 
MIDDLE OIL, CREOSOTE, AND ANTHRACENE O1L.—9,478 lbs. to be cooled from, 
say, 560° F. to 180° F. 
=9,478 x 0:5 x 380=1,800,820 B.Th.U. 
+latent heat of vaporisation from boiling-point, 
say, 162 9,478 x 162=1,535,436 B.Th.U. 
Total B.Th.U. 5,279,893 


The sum of the distillates equals 1305 gallons and the time taken for this quantity 
to distil over is, say, 18 hours. 








1305 
3 =72-5 gallons per hour (average) 
1,305 gallons= 5,279,893 B.Th.U. 
[2 a 295) 32{eb- Loe 
allowing 1,000 B.Th.U. per square foot of cooling surface per hour 
293,327 
then 1,000 =294 square feet of cooling surface 
{ 
then = 374 feet of 3-inch tubing. 


0-7854 


A portion of this tubing, say, 200 feet, can be fitted in a preheater, the balance 
of 174 feet being placed in a water tank and so constituting a water-cooled condenser. 
A more efficient method is to reduce the diameter of the pipe from 3 inches to 2 
inches. This will mean 264 feet of 2-inch tubing instead of 174 feet of 3-inch. It 
is a good plan to place this in the form of D coils in a cylindrical water tank. 

The condenser tank will vary in shape and size according to the type and 
dimensions of the coil it is intended to put into it, or whether the tank is to contain 
more than one coil. Generally the shape is cylindrical and of a size to contain one 
coil. Wrought-iron plate or mild steel of 4-inch or 32-inch thickness or cast-iron sec- 
tions may be used to build the tank. In arranging for the size, due allowance should 
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be made for water space between the outer edge of the coil and the tank side ; 
6 inches is a good margin. The bottom lap of the coil should not rest on the tank, 
but should have a clearance of between 4 inches and 6 inches. A 14-inch drain cock 
should be placed in the centre of the bottom of the tank, by which to run off the 
water in case the tank or coil requires repairing, or when the tank and outside of 
the coil require cleaning. A hole must be cut in the tank bottom, through which to 
put the coil end. A good cold-water supply should be run to the tank, and the 
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inlet pipe must extend to within 3 inches from the bottom of the tank, and it is a 
wise procedure to distribute the cold water as it flows into the tank. This can be 
done by fitting to the end of the inlet pipe a criss-cross of four pieces ; if the inlet 
is a 14-inch pipe then the four pieces should be of ?-inch internal diameter. About 
2 inches from the top of the tank the water overflow pipe is inserted ; it should be 
so arranged that practically all of the top lap of the condensing coil is covered with 
water. The water inlet and overflow pipes may be of 14-inch or 2-inch internal 
bore. It is necessary to place a perforated steam coil of one turn on the bottom of 
the tank, and a 1-inch steam-pipe is large enough. This is used to assist in raising 
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the temperature of the condensing water at one period of the distilling operation, 
and also to aid in the removal of an obstruction of, say, creosote salts in the coil, 
should this occur. 

The worm or coil end, after it leaves the condenser tank, is shaped in the form 
of a U in order to form a seal. One leg of the seal is connected to a small cast-iron 
tank known as a receiving or collecting box (see Fig. 48). This box should be covered 
with a cast-iron lid and water-sealed. In the lid a perfectly fitting sliding door is 
fitted (see Fig. 48), in order that the workman may inspect the distillates as they 
flow from the worm end, and also collect samples of them for testing purposes. The 
bearing parts of the slide and its frame should be kept thoroughly greased. Two 
outlets are made in the sides of the box, through which the distillates are run, and 


INLET PIPE 






OUTLET FOR WATER atc 
MOVABLE ELBOW ON END 
SIDE WATER BOX 


Fic. 49.—Dt1vipinac Box. 


one outlet is provided for making a connection with the foul gas main. One of the 
distillate outlets is connected up to a piece of apparatus known as a dividing box, 
in which ammonia water is separated from crude naphtha, and the other to a pipe 
which is coupled up to the several receiver mains. Collecting boxes vary a little in 
size and shape, but for most purposes 2 feet 6 inches by 1 foot 6 inches by 1 foot 
6 inches deep is quite large enough. 

The dividing box is made of cast iron, is cylindrical in shape, about 1 foot 
9 inches in depth and 1 foot 3 inches in diameter. It is provided with a water-sealed 
cast-iron lid, in which is made a 6-inch inspection hole, covered with a lid, the bearing 
parts of which must be kept greased. There are two outlets, one which leads to a 
small piece of apparatus known as a water box, really a water-sealed inspection 
chamber, on the ammonia water main, and the other is connected up to the main 
which leads to the crude naphtha receiver. Hach outlet is made of a sufficient size 
to insert a l-inch wrought-iron pipe at about 4 inches from the top of the box. The 
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centres of the two holes are on the same level, and the outlet pipe which conducts the 
crude naphtha away just enters the cylinder, and on to it is fitted a movable elbow 
to regulate the flow somewhat, while that which deals with the ammonia water 
bends down inside the box and reaches to within 14 inches of the bottom (see Fig. 49). 
The inlet pipe from the collecting box is of 1-inch wrought-iron pipe, and is inserted in 
the cover of the dividing box. A wrought-iron connector should be placed in this 
pipe in order to facilitate removal if it becomes necessary to uncover the box. 

The water box or inspection chamber (see Fig. 50) is a small cast-iron vessel 
about 8 inches by 8 inches by 8 inches deep, internal dimensions. It is provided 
with a cast-iron lid, water-sealed, and one l-inch inlet hole at the side near the 
top, and another l-inch outlet hole at the bottom on the opposite side. Through 
the inJet hole is inserted the ammonia water pipe coming from the dividing box, 
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and on to the end of the pipe is fitted a movable elbow to enable the workman 
to regulate the flow of the liquor. To the outlet is fitted a l-inch wrought-iron 
pipe, which leads to the common liquor main running to the ammonia water 
recelver. 

In some tar distilleries instead of connecting the worm end to the pieces of 
apparatus just described, a U seal is made in the condenser tube about 18 inches 
from the point at which it leaves the condenser tank, and following this the end of the 
tube dips into a sight or inspection funnel made of wrought or cast iron, and covered 
with a movable lid. This arrangement is to enable samples to be taken or an inspec- 
tion made with ease. The funnel is connected to a pipe, which in its turn is joined 
to a small distributing tank of mild steel. At the bottom of this vessel are several 
outlets provided with cocks through which the different distillates are released. 
These outlets are connected to mains which lead to the receivers. In an arrange- 
ment of this description the crude naphtha and ammoniacal liquor run into the same 
receiver and are separated after a period of settling. 
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To remove foul gases, a connection is made with the condenser tube just after 
it leaves the condenser tank and before the U seal. 

In order to comply with the Alkali Act, it is necessary to prevent the discharge 
into the atmosphere of all offensive or noxious gases, such as are given off from tar 
distillates, especially at the worm end, and to render these gases innocuous in some 
suitable manner. The plant used in tar works for this purpose varies somewhat 
according to the ideas of the management. In all cases it is necessary to provide 
foul-gas mains, to conduct away the gases and fumes from (a) the worm ends and 
collecting boxes ; (6) the receivers; and (c) the pitch coolers. Lengths of 24-inch 
or 3-inch wrought-iron pipe are fitted in close proximity to the various pieces of 
apparatus just mentioned, forming common mains, and the worm ends, collecting 

boxes, etc., are connected to these 
erica mains by means of T-pieces. One end 
- of the common main is connected up to 
a steam-pipe, so that steam may be 
blown through frequently for cleansing 
purposes, and the other end to an 
exhaust pump or steam ejector, either 
of which draws away the foul gases, 
and delivers them to the boiler furnace 
to be burned, or to a special apparatus 
for treatment with a view to recovering 
sulphur, etc. In all cases in which it is 
intended to burn the gases it is advisable 
’ to draw them through a water seal of a 
design somewhat similar to a wash- 
bottle (see Fig. 51). This precaution 
will minimise the risk of a “ flash back” 
taking place throughout the whole 
system. It must be remembered, how- 
Fie. 51—Srau Por ror Four Gas Mary. ever, that if the ejector is not carefully 
attended to, the risk of a “‘ flash back ”’ 
taking place and producing an explosion in the seal pot is great. The seal pot 
should be kept filled with water to three-parts of its depth, and in the cover a 
hinged lid is fitted, and always kept unfastened; the bearing parts being well 
greased with heavy lubricating oil to make a more or less tight joint. The 
author's experience of this method of dealing with foul gases has been a 
satisfactory one. A good plan, in order to see whether the exhausting apparatus 
is working efficiently, is to fit one or two manometers into the main in suitable 
positions. 

Owing to the corrosive action of the foul gases, the wear and tear on the cones of 
the ejector is very considerable. The author strongly recommends the use of malleable 
iron cones in the place of gun-metal, which is often used. The figures given in 
Table 56, the average of several experiments, will support this recommendation. 
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TABLE 56 
Gun-metal. Malleable iron. 
Diverging cones lasted . 6 months 13 months 
Converging cones lasted . oS ae 7: re 


Some distillers prefer to deal with the foul gases by passing them through an 
oxide purifier, more or less similar to a gasworks plant but on a smaller scale. The 
oxide is revivified as usual, and eventually sold for the manufacture of sulphuric 
acid. 

A method of purifying foul gases by scrubbing with water and then passing 
through absorbing towers containing hydrate of iron in suspension in water was 
devised by J. Craven and W. H. Coleman, and published by them in the Journal 
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of the Society of Chemical Industry, vol. 20. p. 200. This method is certainly a very 
safe one, and by it any ammonia, light hydrocarbons, and sulphur in the gases are 
recovered. 

The various distillates from a battery of tar stills are led from the collecting 
or separating boxes to common mains, the latter being connected up to the receivers. 
Each of these common mains should be provided with a l-inch steam inlet at one 
end for the purpose of introducing steam for cleaning after each operation, and to 
assist In removing obstructions should these occur. Hndeavour should be made 
to keep the cocks which control the flow of the various distillates from the collecting 
box to the common mains as near one another as possible, and they should be suitably 
marked ; it saves time and prevents mistakes. A method of doing this is shown in 


Fig. 52. 
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The internal diameter of the common mains will vary according to the number 
of stills feeding them at one time; from 2 inches to 3 inches is generally found 
suitable. Connections between the collecting boxes.and common mains may be of 
13 inches to 2 inches internal diameter. 

Good cocks should be put into all these mains, and also all the pumping mains 
about a tar distillery. Those made of cast-iron are the best to use, and the most 
satisfactory type is that known as the Butterfield cock. Generally cast-iron gland 
cocks are employed, but unless the glands and packing are carefully and periodically 
attended to, leakage of a more or less serious character will take place. A cock of 
the Butterfield type (see Fig. 35), uf properly put in, requires very little attention, 
and it will not leak even in a main through which hot creosote oil and steam are 
continually passing. The author has in his experience known gland cocks to require 
attention every two or three days, and the packing seeing to about every month, 
whereas a Butterfield cock put in the same main required no attention or packing 
for a period of one year and nine months. No leaking took place from the latter 
cock, but from the former serious leaking often occurred. 

It is, of course, necessary to provide a receiving tank for each fraction taken off 
the tar. The number will, therefore, vary according to the manner in which the 
tar is worked up, or the nature of the tar distilled. Generally there are seven re- 
ceivers provided, one for overflow tar and one for each of the following distillates : 
ammoniacal liquor, crude naphtha, light oil, middle oil, or carbolic oil, creosote, and 
anthracene oil. Flat-ended boiler tanks (7.e. old steam boilers from which the tubes 
have been drawn and the ends blanked) make very suitable receivers. They must, 
of course, be in first-class condition, free from poor seams or thin plates. It is not 
possible to give any definite figure as regards size, as this must necessarily vary 
according to the quantity of tar worked per day and the amount of storage room. 
For a works distilling, say, 100 tons of tar per day, receivers of an average capacity 
of 8,000 gallons will be found quite suitable. Some works use specially made tanks 
of a size just sufficient to hold a little more than one of the various fractions worked 
off a single charge of tar. This, it is contended, enables the manager and workmen 
to check in a more efficient manner the yield of the several fractions from the tar. 

All but the crude naphtha and ammonia receiver should be provided with a 
closed steam coil. One turn of l-inch steam-pipe covering the whole bottom of the 
receiver will be found sufficient, provided an efficient steam trap 1s connected with 
the exhaust end. Each receiver must have a manhole, which, with all the other 
openings, should be properly covered, to prevent loss by evaporation in the case of 
the light distillates, and in all cases the escape of foul gases. It is desired by some 
to connect all the receivers to a foul gas main, but this is not absolutely necessary 
if all the openings are kept well covered. The contents of the receivers are removed 
to storage tanks, or washing tanks, by: (a) pumps, or (b) compressed air. In the 
latter case it is necessary to supply an air inlet, and also an exit pipe, which must 
reach to within about half an inch of the bottom of the lowest portion of the receiver. 
It is much better to put in a small dish plate at the bottom, as shown in Fig. 53. 
Arrangements must be made to seal the receiver completely ; if this is not done 
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removal by compressed air becomes an impossibility. For the compressed air pipe, 
l-inch steam tube is quite suitable, and for the delivery or exit pipe, 2-inch steam 
tube is the best size to employ. 

If it is desired to remove the receiver contents by the aid of a pump, then a 
2-inch suction pipe should be put in. This can be arranged so that it will reach to 
the bottom, or be lifted to any point in the receiver. It is a general plan to connect 
the suction pipe of all the receivers to a common pumping main and pump, cleaning 
the two latter by blowing steam through after the pumping operation is finished. 
In all cases a special pump and main should be provided to deal with the crude 
naphtha, as it is unwise to contaminate this material with the heavier distillates. 
Although not absolutely necessary, it is a good plan to connect each receiver to a 
special emergency main and pump; it sometimes comes in handy when working 
difficulties arise. 

It will not be out of place here to consider briefly the subject of steam valves, 
in particular those used round about the tar stills, condensers, collecting boxes, 
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receivers, foul gas mains, etc. The valve in general use is made of gun-metal, and is 
of course quite suitable for all positions where sulphuretted hydrogen, ammonium 
sulphide, or ammonia vapours are not in evidence. If these vapours come in contact 
with the gun-metal shell of the valve, very rapid corrosion will take place, and a 
fracture eventually occurs. Cast-iron or cast-steel stop valves do not corrode any- 
thing like so rapidly, and are, therefore, much more suitable. It is advisable to lag 
the valves, and also all the steam-pipes, with a non-conducting composition. 
Owing to the high temperature at which it is necessary to run the pitch from 
the still, it is absolutely essential to keep it out of contact with the atmosphere and 
to cool it in some manner or other before running it on to the pitch bay. If this is not 
done, there is a great risk of spontaneous combustion of the hot vapours taking 
place, and a firing of the pitch ; and even if the temperature of the pitch is too low 
for this to occur, acrid vapours are given off in great volumes, which will cause a 
nuisance in the neighbourhood of the distillery. In order to meet these requirements 
coolers made of wrought iron or mild steel, cylindrical or square in shape, are most 
frequently employed. The former shape is, of course, the most suitable, as it with- 
stands much better the great strain brought about by running the very hot pitch into 
the cool receiver. A cooler is provided with a manhole of not less than 18 inches 
by 12 inches or 18 inches in diameter ; a manlid stool, and cast-iron lid; an inlet 
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pipe stool, to couple up to a 4-inch or 6-inch pipe, according to the diameter of the 
still tail pipe; an outlet valve of the “treacle” or gate type of about 6 inches, 
or of the lever plug type and not less than 4 inches; and a 2-inch outlet for con- 
necting up to a foul gas main. The maniid is left loose in order to act as a kind of 
safety-valve, and it may be sealed by embedding into a lime-putty, or covering the 
bearing surfaces with a layer of thick grease. Old cylindrical steam boilers, from 
which the tubes have been drawn, and the ends blanked, answer admirably as pitch 
coolers, provided the plates are thick enough, and the riveted seams are in good 
condition. The plates of the cylinder should be of not less than 32-inch and the 
ends $-inch in thickness, or better still a thickness of $-inch throughout. Hach cooler 
should be raised a little above the ground level, say, 1 foot 6 inches to 2 feet, to allow 
inspection for leakage to be made, and also to enable the air to circulate all round 
it. It may be supported on brick or concrete cradles. A fall towards the outlet of 
about 4-inch to the foot should be allowed. 
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Pitch coolers are sometimes built in the form of brick chambers, but as it is 
not a general practice this form will not be considered. 

In a works dealing with large quantities of pitch, a pitch cooler built on the 
plan known as the “ French weir ”’ will give excellent results. There are two cham- 
bers in this cooler (see Fig. 54), that marked R in the figure being the one into which 
the hot pitch is run from the still and in which part cooling takes place. In the 
other chamber, marked C, the cooling is completed. When a fresh charge of pitch 
is run into R it pushes the cooled pitch contained in C through the outlet O into the 
pitch bay. | 

In order to convey the pitch from the coolers to suitable positions in the pitch 
bay, where the final cooling and solidifying prior to “ getting” or digging takes 
place, a gutter 1s often built under the outlets of the coolers. The gutter should 
be provided with several outlets closed with gate or sluice valves, in order to direct 
the pitch into one portion of the bay to cool and solidify, while “ getting ”’ is being 
carried on in another portion. As regards the arrangement of this gutter, this will, 
of course, have to be made to suit the position of the coolers, and varies in different 
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works. Concrete may be used to construct the gutter, the surface being rendered 
with a mixture of cement and sand, but it is far better to line the gutter throughout 
with brindled tiles or smooth bricks set in cement, as by doing this the removal of 
cold pitch during cleaning 1s facilitated. A depth of 2 feet 6 inches to 3 feet is ample, 
and it should be level from one end to the other. The sides of the gutter may be 
14 inches or 18 inches thick, not less than the former. It should be so arranged that 
the gate valves can be operated by the workman in safety from a position opposite 
to that which the pitch runs into the bay. A method designed by the author is shown 
diagrammatically in Fig. 55. The gate may be raised and lowered by means of a 
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rack and pinion or worm and wheel gear. In some works gutters are not used, but 
one is cut in the cold pitch on the bay in any desired direction. This is not a good 
plan. 

The pitch bay is situated in close proximity to the coolers at a lower level to 
them and the gutter. It must not be too deep, but of wide area, the dimensions 
varying according to local conditions and the amount of tar worked up. A depth of 
2 feet 6 inches below the gutter outlets is a good average ; pitch of a greater thick- 
ness than 2 feet is more difficult and expensive to “ get.” The floor and sides of the 
bay are concrete or brick lined. As regards the floor, a brick lining placed on a 
concrete bed proves the most suitable, the bricks being smooth faced and of the 
best Staffordshire blue brick type. They should be set closely in good cement, and 
the whole floor made quite level. It is advisable to divide the bay into several 
sections, say, three or four, by building 14-inch walls across it. If it is wished to 
avoid the expense of doing this, temporary partitions can be put up with wooden 
planks and loose pitch, or by leaving a wall of hard pitch from a previous “ getting,” 
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but these methods are of doubtful value, as the partitions sometimes give way at 
most inconvenient times. The object of dividing the bay into sections is to allow 
one batch of pitch to cool while another is in the process of “ getting.” 

It is as well to endeavour to arrange for a private railway siding to run alongside 
the pitch bay, and it is of great advantage if that siding is at such a level that the 
top of the railway trucks are practically in line with the floor of the bay. This will 
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Fic. 56.—DIAGRAMMATIO ILLUSTRATION OF HiIRD’s TAR-DEHYDRATING PLANT. 


enable the pitchmen to wheelbarrow the pitch direct into the trucks and save the 
cost of a crane, skips, and a crane driver. 

There are times when a tar still springs a leak, and it then becomes necessary 
to empty that still with allspeed. In order to do this a permanent 3-inch wrought- 
iron main should berunalong the back of the battery of stills, and a branch from this 
main fixed in a suitable position, so that after the connection between the tail or 
run-off pipe of the still and the cooler is taken apart, immediate connection with this 
branch can be made. One end of the main should be closed with a plug, and the 
other end connected to a special pump kept especially for emergencies of this nature. 
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The same pump can be used, if desired, as an auxiliary to the creosote pumps, but 
should always be so connected that it can be put into use on the tar emergency main 
immediately it is required. If the tar well is below ground, a pump is not absolutely 
necessary, as the still being above ground level, the tar would run by force of gravity 
into the emergency main and thence to the well. However, speed is a matter of 
importance at times, and then a connection to a pump would prove of benefit, even 
when the tar well is below ground. 

Plants for the dehydration of tar have of late come much to the fore, and a 
brief description of three of the chief types of this class, viz. Hird’s, Wilton’s, and 
Chambers and Hammond’s, will, no doubt, prove useful to the reader. . 

The following is a brief description of Hird’s dehydrating plant, capable of deal- 
ing with half a ton of tar per hour. This plant consists of the following pieces : one 
still, a cooler, one condenser coil and tank, one distillate tank, and two prepared 
tar tanks, with the necessary pipes and connections (see Figs. 56 and 57). 

The still, which is constructed of cast iron, has fitted down the centre a longi- 
tudinal baffle, the function of which is to direct the tar first down the length of one | 
side of the still and then up the other side. Four tubes, which are expanded into the 
end plates, run the whole length of the still, for the purpose of carrying the hot 
gases with which to heat the tar. A brickwork furnace is built up to the end of the 
still, so as to deliver directly into the heating tubes. Otherwise bunsen burners 
may be applied directly to the ends of the tubes. To the still is fitted a swan neck 
and safety-valve, and it is also provided with a manhole and manlid, and a ther- 
mometer for regulating the temperatures. 

Between the condenser and the still is fitted a cooler, or rather a heat inter- 
changer, which consists of a nest of steel tubes lying inside an outer C.I. casing. 
Tar from the condenser tank travels through the inner tubes on its way to the still, 
while the hot prepared tar flows through the outer tube or jacket on its way to the 
receiver. 

The condenser tank is cylindrical, and is provided with an inlet and outlet 
for cold tar, which is used for cooling. In this tank is placed a cast-iron condenser 
coil, the top of which is connected to the vapour pipe leading from the still, while the 
bottom is joined to an inspection box, which in its turn is connected to the distillate 
recelver. , 

At this point a brief description of a very recent type of dehydrating plant 
designed by S. A. Wikner will not be out of place. 

The “‘ Wikner” Dehydrating Plant! employs steam-heating tubes at boiler 
pressure, laid horizontally in a steel or cast-iron chamber about two-thirds full 
of tar. The steam tubes all lie in the top two or three inches. Hence, quite a small 
proportion of tar is actually boiling, this explains how the frothing difficulty is 
got over. 

The water and naphtha vapour which are released are condensed by passing 
down coils immersed in the cooler layers of tar below the heating tubes. These 


1 See also ‘“‘ The Preparation of Road Tar in Gasworks,”’ 8S. A. Wikner, Gas World, 
May 13th, 1922, pp. 403-406. 
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vapours do not leave the still as such, as the condensing coils open directly into the 
space above the tar. | ; 

The whole principle depends on the fact that the fuel efficiency of a boiler is 
normally higher than that of tar dehydrating plant in general, partly on account 
of the scale of handling being larger, and also of the inherent possibilities of the 
boiler in this direction. 

The fuel costs of dehydration, therefore, by this plant are very low and cannot 
be attained by direct-firing methods: the labour cost for firing and attention is 
also greatly reduced. 

Another advantage is that the plant can be shut down and started up at short 
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Fic. 59.—PatEentT CASCADE TYPE OF STILL FOR ContTINUOUS TAR DEHYDRATION OR 
DISTILLATION PLANT. (CHAMBERS AND HAMMOND.) 


notice, as without any direct attention full steam can be left on without serious 
loss for any desirable time. There is obviously a reduced accident risk. 

The plant was designed originally to run in conjunction with the complete 
Hird Tar Distilling Plant, and it was found that the result of feeding the latter with 
hot dehydrated tar was nearly 100 per cent. increased daily capacity. 

The Wilton Tar Dehydration Plant is continuous in its actions, separating out 
the light oils, water, and dehydrated tar in a continuous stream for immediate use 
or storage in separate vessels. This plant is simple in construction and economical 
in working, and owing to the small amount of tar passing through the plant at 
a time the fire risk can be considered as entirely absent. Dehydrated tars to answer 
to the specifications of the Roads Board can be prepared by this plant. 

The general method of working of the Wilton plant is as follows: The crude 
tar is forced through the plant by a pump (see Fig. 58) first entering the coil of the 
economiser. This coil is surrounded by hot finished dehydrated tar, and much of 
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its heat is given up to the crude tar as it passes through the coil on its way to the 
still. The still consists of a number of cast-iron coils superimposed one above the 
other and set in a furnace heated by a fire of coke or breeze. Tar enters the still 
at the bottom and passes upward gaining heat on its journey. On leaving the still 
its temperature is approximately 140° C. and it is at'a pressure of between 30-40 lbs. 
per square inch. (These figures are varied somewhat according to the fractions 
required.) It should be noted that pitching is practically impossible owing to the 
speed of circulation of the tar in an upward direction in a confined space. 

On leaving the still the tar enters a cylindrical vessel with a dome-shaped cover 
called the vapour box. Here, the pressure being released, the tar expands suddenly 





Fic. 60.—Patent CascapE TyrE Continuous TAR DEHYDRATION PLANT. 
(CHAMBERS AND HAMMOND.) 


under atmospheric pressure, and water and oil are volatilised. The mixed vapours pass 
along a vapour pipe to a condenser, and the liquids leaving the condenser run into 
a separator which divides the light oil from the gas liquor. 

The dehydrated tar gravitates from the vapour box to the economiser and thence 
to storage tanks. | 

The Wilton plant can be built to deal with any output from 100 gallons an hour 
upwards, and the design modified to extract up to 50 per cent. water and light oils. 
It is possible to use standard units of this plant for the purposes of (1) Debenzolising 
wash oil; (2) Topping creosote oil; and (3) Topping crude light oil. 

In the Chambers and Hammond’s patent cascade type of tar dehydrating plant, 
there is a distinctive feature embodied in regard to the separation of water 
for the elimination of “‘ foaming.” 
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Those who are familiar with the working of continuous tar dehydration plants 
know that when the ingoing crude tar is used for condensing purposes there is a 
tendency for the water in the crude tar to accumulate, forming “ pockets ”’ 
of water which occasionally pass forward to the still. As the temperature of the 
tar in the still is seldom below 200° C. it follows that, when the water comes into 
contact with the hot tar, “foaming” will occur. 

In the type of still (Fig. 59) under consideration, matters are so arranged that 
“foaming” is eliminated. In the first place, crude tar is not used for con- 
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densing the light oils, and accumulations of water are thereby avoided, and in the 
second place the water contained in the crude tar is removed before it enters the 
body of hot tar in the still. This object is attained by fixing in the vapour space 
of the still a cascade or staircase, down which the crude tar must flow, in a shallow 
layer, before it can enter the distilling tar. 

As a rule there aré seven plates in the cascade, and a plant dealing with one 
ton per hour of tar will have seven plates, each 2 feet square and giving a total 
heating surface of 28 square feet. The depth of the tar on the cascade does not 
exceed half an inch, and by the time the feed tar enters the still proper the whole 
of the water has been distilled away. i 
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This type of still may be heated either by gas or coke. In the latter case no 
special type of furnace is required. The still consists of a circular tube, with one end 
welded and the other end bolted on. There are no baffles or other obstructions in 
the bottom of the still, and accumulations of “free carbon” are thereby avoided. 

aoe ~ The still will work for several 

months without stopping for clean- 

- ing, and, when necessary, cleaning 

is easily carried out by first remov-. 

ing the end plate, when every part 
of the still is accessible. 

Fig. 60 gives a general view of 

this type of dehydrating plant at 
work. The plant illustrated will 
distil five tons of tar in ten hours. 
This plant works in the daytime 
only, and is shut down at night- 
time. 
‘The crude tar enters the plant 
at-the sight feed box, and passes 
forward to the heat interchanger, 
which is arranged not only to take 
up heat from the hot dehydrated 
tar, but also from the waste furnace 
gases. Leaving the heat inter- 
changer, the tar at a temperature 
of 100°C. enters the still and is 
delivered on to the top plate of 
the cascade, down which it flows 
until, leaving the last plate, it enters 
the still proper. 

The tar flows forward from one 
end of the still to the other, and 
then out by a pipe to the heat 
interchanger. The distilled tar 
flows through the central pipe, and 
gives up a portion of its heat to the 
surrounding crude tar, which again 
is externally heated by the waste 
flue gases. The prepared tar is 
finally delivered into a receiving 

E tank. 

4 The vapours of light oil and 

; water pass out by the still head to. 
— a water-cooled condenser and into 
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Fic. 62.—Hirp’s ContTiInvous TAR DISTILLATION PLANT. 


A, Tar Regulating Tank. E, No. 4 Still. F, Pitch Cooler. 



































G, Combined Heater and Cooler. 


M, Gas Producer. 


K, Sight Box. 
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Fic. 63.—Hirp’s Continvous TAR DISTILLATION PLANT. 
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a separating box, which automatically separates the water from the light oils. In 
small plants the light oils may flow directly into steel drums or casks, but for larger 
plants storage tanks are necessary. 

When dehydrating tar by the continuous process, the working temperatures 
necessary to provide tar in accordance with the Roads Board Specifications are :—- 


For tar spraying (No. 1) : a0 eG. 
For tar macadam (No. 2) ee 200 O 
For pitch grouting (No. 3) : se ytete. 107 


The continuous distillation of tar down to pitch is a process much older than 
that of continuous dehydration ; in fact, the latter is simply an offshoot of the former. 

One of the earliest systems of continuous distillation which received any serious 
consideration is Lennard’s (1888). The plant with which to carry out this system 
was designed on the cascade principle, was rather complicated, and was an expensive 
one to erect. More recently the Hird, Wilton, and the Chambers and Hammond 
systems have appeared, and the results obtained by them have proved very satis- 
factory. 

Hird’s patent systems (see Figs. 61, 62, 63, 64, 65, 66,67, and 68) includes the 
following pieces of apparatus: A feed or regulating tank, a steam preheater, three 
or four stills, a pitch cooler, three or four combined heater-coolers, four or five 
water condensers of the coil type, sight boxes, an oxide purifier, and, if the plant be 
heated by gas or producer gas, gas burners are necessary, otherwise a pressure furnace 
for breeze firing is erected to deliver directly into the heating tubes. The feed or 
regulating tank is provided with a float valve in order to maintain a constant feed 
of tar to the stills. 

Frequently all the stills are built of cast iron, as this material has the advantage 
of resisting almost completely the attack of ammonium chloride. The anthracene 
still, the last, is constructed of steel, as it is generally found in this type of plant that 
corrosion is quite negligible at the point of distillation process when the anthracene 
oil fraction is coming over. Hach still is provided with a manhole, a swan neck and 
vapour pipe, a thermometer, and a safety-valve. Internally there are baffle plates 
fitted in such a manner as to cause the tar to flow in a circuitous manner from 
inlet to outlet. The arrangement of the baffle plates in Nos. 2 and 3 stills is rather 
different from that in Nos. 1 and 2 stills, as will be seen on reference to the diagram 
(Fig. 61). 

The stills are provided with heating tubes of steel, expanded into the end plates, 
and on gas-fired plants a burner is supplied to every tube. The last or anthracene 
still has burners, but is also fitted with an arrangement of flues to permit of the use 
of waste heat from the rest of the plant. The tar enters at the first still and passes 
through the stills in succession, finally to a pitch cooler. 

The pitch cooler is provided with a manhole, and fitted inside with a baffle 
plate so arranged that the pitch will flow up one side of the cooler and down the other 
before it leaves for the pitch bay. A steel coil is fitted inside the cooler and runs 
up one side and down the other. This coil carries the tar from the heater-coolers 
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to the stills, reducing the temperature of the pitch in so doing. A weir valve is 
fitted to the outlet of the pitch cooler so that any seal of tar in this vessel can be 
obtained as desired, this being an advantage in working different classes of tar. 

The heater-coolers consist of wrought-iron tanks, each provided with an inlet 
near the top and an outlet near the bottom, through which the crude tar is conducted 
on its way to the pitch cooler and the stills. Each heater-cooler is fitted inside 
with a cast-iron coil connected at the top to the vapour pipe and at the bottom to 
the top of the coil of the water condenser. As distillation takes place from the 
heater-coolers, each cover is fitted with an outlet connected to a common main which 
conducts vapours to a water condenser. 

A feature of the more up-to-date plants is a steam preheater for the crude tar 
in the anthracene still, employing the steam, etc., which has not been condensed 
in the heater-cooler corresponding to the anthracene still. 

The final condenser casings are constructed in wrought iron and fitted inside 
with cast-iron coils. The top of each coil is connected with the bottom of a heater- 
cooler coil, and the bottom of each coil to a sight box. Each condenser is fitted with 
inlet and outlet for water supply for the purpose of cooling the distillates. 

Connected to the coils of the water condensers are sight boxes. These are pro- 
vided inside with a seal to prevent foul gases from getting into the atmosphere. 
Kach sight box is also provided with.an outlet for the condensed distillates and another 
for the foul gas. 

It takes about eight hours to get the plant into working order, after which 
only a very small amount of supervision is required. In this plant tar can be frac- 
tionated into ammoniacal liquor, crude naphtha, light oil, creosote oil, anthracene 
oil, and pitch, and the distillates leave the plant uniform in quality. 

Considerable success has attended the use of the Hird distilling system in the 
redistillation of oils and heavy solvents, to free them from non-volatile residues 
and to regenerate them for use. The stills for these purposes are made generally 
of steel, and there are some minor variations of construction. 

Wilton’s Patent Semi-Continuous Tar Distillation Plant (Fig. 69) combines 
the pot still with the modern continuous system, incorporating the advantages 
of both. The chief of these are: (a) Large saving of fuel; (b) any number of cuts 
can be made; (c) variation of water content of tar does not reduce the through-put ; 
(¢) the tar is completely dehydrated before it enters the pot stills, consequently 
there is absence of priming or frothing; (e) the continuous dehydration of the tar 
ensures the maximum output through the pot stills; (f) the pitch can be tested 
from bulk and corrected, if necessary, before running off; (gy) wear and tear on the 
pot stills is reduced considerably ; (h) dehydrated tar can be made, if desired, by 
cutting out the pot still ; (7) owing to freedom of frothing in the pot stills, a fewer 
number of these are necessary to distil the same quantity of tar. 

The method of manipulating the plant consists in continuously dehydrating the 
tar in the Wilton Patent Dehydrator, which can be worked to any reasonable tem- 
perature at will, thus placing the dehydrating section under absolute control. The 
‘boiling’ dehydrated tar gravitates to one pot still, and when this is charged the 
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Fic. 65.—Hirp’s Continuous Tar Distittation PLAN 
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contents are worked off to pitch, whilst the dehydrated tar is diverted to another 
pot still, the charging of which is gauged so that the first still will be worked off by 
the time the second is charged. 

In Fig. 70 is illustrated a later type of the Chambers and Hammond Continuous 
Tar Distillation Plant, which is of more simple design than its predecessors, and 
which possesses several distinctive features. 

In the first place, there is a special method of dealing with the water contained 
in the tar; secondly, the stills are of a circular tube pattern, containing neither 
heating tubes nor baffle plates inside. With a view to working on a low fuel consump- 
tion arrangements are made for taking up as much waste heat from the system as is 
practicable. The plant consists of three circular stills, three rectangular condensers, 
and one heat interchanger, or pitch cooler. The plant may be heated either by 
gas or coke. It produces crude naphtha, light oils, creosote and anthracene oil. In 
the plant illustrated the light oils and crude naphtha are collected as one distillate. 

The first still is fitted with a cascade, of the same type as that described pre- 
viously in connection with the Chambers and Hammond Tar Dehydration Plant 
(see page 166). It has previously been pointed out that when the water has been 
removed from crude tar the subsequent distillation of the tar is not difficult to carry 
out, and this statement applies either to intermittent or continuous distillation. 

Fig. 59 illustrates clearly the method adopted in this plant for disposing of the 
water problem. The details as to the working of the cascade have been explained 
in the description of the Chambers and Hammond Tar Dehydration Plant. The 
advantage of the cascade is very pronounced in the case of Mond or water-gas tar, 
and cases of “foaming” or sudden “ priming,” together with the accompanying 
lifting of the safety-valves, are not experienced. Distillation plants embodying this 
process are at work upon crude tar containing more than 30 per cent. of water. 

The working of the plant is demonstrated by studying Fig. 71. Crude tar flows 
from the sight-feed inlet directly into the heat interchanger, which is designed to 
heat the ingoing tar, and cool the outgoing pitch. It consists of an outer tube 15 
inches diameter, and a central inner tube 6 inches diameter, and is so fixed in the 
waste heat flue as to be entirely surrounded by the hot flue gases. The crude tar 
flows forward in the space between the two tubes, with the result that the crude tar 
absorbs heat, externally from the flue gases, and centrally from the outgoing 

itch. 

: Leaving the heat interchanger the hot tar enters the first still, flows down the 
cascade and along the still. The depth of the tar is generally one-third the diameter 
of the still. The tar leaves the first still at its front end, flows through a pipe into 
the second still, being discharged at the back end of the still, where it again flows 
forward to the front end, passing through a pipe into the third still. The tar passes 
along the third still and is collected in a pipe, which conveys the resulting pitch 
back to the front end and out to the heat interchanger, after which it flows directly 
into the pitch beds. 

Stills No. 1 and 2 are heated by direct heat, but the third still and the heat 
interchanger are heated by waste gases from the first two stills. In the case of 
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either gas or coke firing, there is a common firebox or combustion chamber for 
Nos. 1 and 2 stills. 

The supply of heat can, however, be regulated to either still by movable dampers 
fixed over portholes in the curtain arch under the stills. The sliding dampers 
are operated from the front end of the still setting. There are only two portholes, 
one for each still. When gas firing, one larger, or several smaller gas burners can be 
fitted into the combustion chamber. . 

The fractions of distillates pass through tapering vapour pipes to rectangular 
condensers, fitted with “S” bend cast-iron pipes. Narrow condensers require 
less water than circular tanks for condensing purposes. After leaving the condensers 





Fic. 67.—Hirp Puant; 4 Stitts (COKE-FIRED). 


the oils pass through cast-iron oil traps for separating foul gases, and the latter are 
dealt with in an oxide purifier. The working of the stills is controlled by thermometers 
at the front end, and a wide variety of fractions may be obtained by regulating the 
sliding dampers. 

A perforated steam pipe is fixed in the third still for steam distillation of anthra- 
cene, otherwise there are no obstructions in any of the stills. Arrangements are made 
for the separation of anthracene and naphthalene, and fractions containing these 
products are cooled either in half-round open top pans, or in rectangular covered 
tanks. The latter tanks are preferable in hot climates and particularly when cooling 
is effected by refrigeration. 

Owing to the total absence of any obstructions in the still, there is no oppor- 
tunity for the “‘ free carbon ”’ to accumulate, and consequently overheating of the 
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plates does not oceur. For inspection purposes the front end plate of the still is 
bolted to the still, and may be conveniently removed when desired. The back 
end plate is welded to the still. All connections from one still to another are fixed 
outside at the front end of the stills. They are not submitted to the heat of the flue 
gases, hence there is no risk of carbonisation or blocking in these connections. 
A plant when dealing with one ton of crude tar per hour gives the following 
figures :— 
Pitch. Delivery per hour : . 1,080 Ibs. per hour. 
Distillates. No. 1 Still. Crudenaphtha . 20 galls. ,, 
No.2 Still. Light oiland creosote 51 ,, a 
No. 3 Still. Anthracene oil . | oom 
WoRKING TEMPERATURES. 
No. 1 Still. 210°C. 
No. 2 Stall. 260° C. 
No. 3 Still. _ 260°C. 


33 


Steam consumed in No. 3 Still (for anthracene) . 120 lbs. per hour. 
Water used for condensing purposes. : 90 galls. per hour. 
Temperature of pitch at outlet . ; =, glen: ; 
Temperature of ingoing tar ; : 1 LOOEG: 

Fuel consumption per ton of tar distilled . ; 90 lbs. of coke. 
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It will, no doubt, be observed that the working temperatures are extremely low, 
although the plant at the time the figures were obtained was producing pitch having 
a softening point of 60°C. Such low temperatures are a great advantage, enabling 
the maximum yield to be obtained from the tar, owing to a complete absence of 
carbonisation. 7 

The low working temperatures are made possible because there is no local 
overheating in this type of still, owing to the rapid and unrestricted circulation of 
the tar. 

It should be also stated that in this system distillation takes place at a very low 
pressure, the vapours passing through one condenser only of comparatively large 
diameter. This low working pressure again assists in maintaining a low temperature. 

Plants of this type are at work on Mond producer gas tar, one unit dealing with 
20 tons of tar per day. Although this tar contains between 30 per cent. and 40 per 
cent. of water, “ priming ” has never been experienced during a continuous running 
period of two years. The plant referred to is erected at the works of the South 
Staffordshire Mond Gas Power Company. Units are also at work distilling together 
40 tons of tar per 24 hours. 

The distillation of tar under vacuum is not a general practice in this country, 
owing chiefly to the higher initial outlay on the plant, and the greater risk of 
explosion should air by any chance leak into the still. 
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(CHAMBERS AND HAMMOND.) 


CHAPTER IX 


DISTILLATION OF COAL TAR 


THE object of distilling coal tar is to increase its usefulness, and, therefore, its com- 
mercial value. Broadly considered, the process of distillation is the same in all 
works. It differs only in certain details, such as (a) the method of testing for the 
“cut ”’ or “change-over point” for each fraction; (b) the number of fractions a 
certain tar will yield, or it is desired to collect ; (c) the wish to manufacture special 
products from the fractions ; (d) the quality of pitch required, and (e) whether it is 
required to make special preparations from partly distilled tar, and so on. 

By far the largest portion of the tar which passes through a tar distillery is 
worked for benzoles, naphthas, creosotes, naphthalene, anthracene, carbolic, and 
cresylic acids, pyridine and pitch, and the distilling of a charge of tar for the various 
fractions from which these products are obtained, and for pitch, will receive atten- 
tion before dealing with speeial preparations. It will be assumed that a preheater 
is connected to the tar still, and that both are empty. 

A charge of tar is pumped into the preheater from the storage tank or well. 
It is desirable to work well-settled tar, as some of the entangled ammonia water will 
have separated to the top, and in consequence less time will be occupied in distilling 
off this material. While charging the preheater, the manlid of the still should be 
placed into position, the joint being made of lime putty ; a mixture of slaked lime 
and water of the consistence of butter. The condensing worms, mains to the receivers, 
and safety devices should be inspected to see if they are clear of obstruction, 1.e. 
not choked up with naphthalene or anthracene salts. A 15- to 20-ton preheater 
may be charged through a 6-inch main in between thirty and forty-five 
minutes. | 

The preheater having been properly charged, the supply is cut off, and the tar 
turned into the still. As soon as the preheater is empty, the discharge cock 1s shut 
off, and a fire or the producer gas ignited. A further charge of tar 1s pumped into 
the preheater at the same time by the stillman’s mate. The heating up of the tar 
may be pushed until the swan neck becomes hot, but immediately that sign becomes 
evident considerable care must be exercised in order to avoid “ priming ”’ or boiling 
over of the tar. At that point, then, the fire is slackened a little, and the worm end 
watched for the first drops of the distillate. The distillation is now proceeded with, 
with caution, and it may become necessary to slacken the fire a little more at this 
stage. Sufficient heat must, of course, be supplied to keep the distillate flowing 
gently from the worm-end into the collecting box. Should “ priming ” unfortunately 
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occur, damping the fire, or shutting off the gas, and playing or pouring cold water 
on the still top will soon stop it. It is not a bad plan to run a 1-inch emergency 
water main across the battery of stills, and place in it several cocks and connect 
these to short lengths of hose. The tar which comes over during “ priming ” should 
be turned into the overflow tar receiver, the openings from the collecting box to 
the dividing box being promptly shut. 

This portion of the distilling operation is known as the crude naphtha stage, 
and the fraction consists of ammonia water and crude naphtha. During the whole 
time the fraction is passing the water in the condenser tank must be kept running, 
and the supply should be cold. The distillate drops from the worm-end into the 
collecting box and then passes into the divider, where the ammonia water sinks 
to the bottom, and is removed by the water pipe to the inspection box, then 
via the liquor main to the receiver. The crude naphtha flows through the 
outlet near the top of the divider into the main, which conducts it to the 
receiving tank. For a while the amount of water in the distillate exceeds that 
of oil, but as time goes on the amount of the former decreases—the latter, of 
course, increasing. At this stage the temperature may be increased a little, but 
it is yet necessary to continue careful firing. The flow of the liquor and naphtha 
into the receiver mains is regulated by raising or lowering the elbows, the one 
inside the inspection box and the other inside the divider, as explained on pages 
154 and 155 respectively. As the amount of water in the distillate decreases, so 
with care may the temperature be raised, but not unduly rapidly. Towards the finish 
of this fraction the small quantity of water still coming over will change in colour 
from a greenish yellow to a blood-red. From now the stillman should collect occa- 
sional samples at the worm-end, allow the oil to separate, and take its specific gravity. 
When this reaches a figure prearranged by the works manager, the outlet to the 
divider is closed, and the cock on the light oil receiver main opened. This point is 
known in tar works terminology as the “change over,” “cut,” or “turn over,” 
point. The specific gravity at the “turn over’ point may vary between 0-950 and 
0-965 at 60° F. Some stillmen ‘“‘ cut” the distillate when water ceases to come, 
but this method often results in a crude naphtha containing rather more heavy 
material than is desirable. The length of time required to work off this distillate 
will vary according to the state of the tar and the volume of the charge. With 
normal tar and a 15- to 20-ton charge, 6 to 12 hours may be taken as average times, 
and with reference to the yield of the distillate this may vary between 3 and 6} 
gallons per ton of tar. During the working off of this fraction the pull on the foul 
gas mains should be slight, otherwise there will be a loss of light products if a recovery 
plant is not attached to these mains. 

The strength of the ammonia water from the fraction is generally between 
2 and 34 per cent. of total NH;, and this product is worked up at the tar distillery, 
or else sold to a firm of ammonia distillers. In order to avoid loss of ammonia, the 
receiver should be kept well sealed, and the liquor removed and dealt with as quickly 
as possible. Crude naphtha varies somewhat as regards specific gravity, but it usually 
ranges between 0-905 and 0-920. From it are obtained chiefly benzoles, toluoles, and 
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a little light naphtha. Full details on the working up of this material are given in 
Chapters XII, XIII, XIV. 

Soon after the “‘ change over ” to the light oil fraction, the distillate will begin 
to run from the worm-end in a moderately thick stream, and practically free from 
water. The temperature is gradually increased, in order to keep the distillate 
running at an even rate. At times, when partly through this fraction, some water 
comes over with the oil. It is not usually necessary, however, to slacken the firing, 
and the beginner should not be alarmed if this occurs. As the process continues, 
the amount of naphthalene salts in the distillate increases, and it is necessary to 
prevent this material from crystallising out and choking up the condensing coil. 
To do this, the flow of water through the condensing tank is stopped very shortly 
after the ‘‘ cut ’’ from crude naphtha is made. The water in the tank then becomes 
gradually hot by absorbing heat from the distillate as it passes through the con- 
denser worm. Should the tar contain a large quantity of naphthalene “ salts,” 
making this fraction extremely “salty,” it 1s advisable to bring the temperature 
of the water up more rapidly by introducing a little open steam into the condenser 
tank. Generally the water is allowed to get hot when the specific gravity of the 
distillate stands at between 0-970 and 0-990 at 60° F. The “change over” point 
from light oil to light creosote varies according to the nature of the tar, or if it is 
desired to make a distillate for a special purpose. On this account the stillman may 
“cut” the distillate when the oil running from the worm-end reaches a specific 
gravity between 1-010 and 1-030 at 60° F.. The length of time taken to work off 
this distillate will vary, of course, according to the volume of the charge and the 
nature of the tar ; for a charge of 15 to 20 tons, 24 to 8 hours may be taken as average . 
figures. Yield per ton of tar is also chiefly affected by the nature of the tar, and may 
vary between 12 and 25 gallons. As a little more foul gas is given off during the 
working of this fraction, and its constituents are not so volatile as those of crude © 
naphtha, it is advisable to increase slightly the pull on the foul gas main. The 
specific gravity of light oil may vary between 0-960 and 1-009 at 60° F. . 

As the distillation proceeds, the oil running from the worm-end begins to appear 
more or less yellow in colour, and the smell of sulphretted hydrogen, and other foul 
gases, gets a little stronger. A greater pull is put on the foul gas main, and more 
heat is applied to the tar. The temperature of the water in the condenser tank is 
kept elevated, as the distillate will still contain a fairly large quantity of naphthalene 
“salts.”’ Frequently towards the end of this fraction the oil will show a tendency 
to set rapidly solid on cooling, due to a predominance of naphthalene “ salts.’ This 
fraction is known as light creosote, middle oil, or carbolic oil, and, as the last name 
indicates, is one from which carbolic acid and its homologues are obtained. It is not 
the only one, however, as some tar acids are recovered from both the crude naphtha 
and light oil fractions. It is advisable to “ cut ”’ earlier for,this fraction if the tar 
contains a large quantity of naphthalene. The pomt at which the distillate is 
“cut” to make this fraction varies between fairly wide limits, viz. when the specific 
gravity at the worm end stands between 1-035 and 1-055 at 60° F. and sometimes 
a little higher (1-060 at 60° F.). According to various conditions, the yield per ton 
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of tar may be between 8 and 13 gallons, and the specific gravity will range between 
1-030 and 1-045. The length of time taken to work off this fraction, say, from a 15- 
to 20-ton batch, falls between 13 and 34 hours. 

As the process continues the distillate gets much yellower, the odour stronger 
and the tendency to set solid on cooling sometimes decreases. More pull is necessary 
on the foul gas mains, and heavier firing is required to keep the distillate flowing 
from the worm-end in a thick, continuous stream. It is advisable to keep the water 
in the condenser tank hot, in spite of the general tendency shown by this fraction 
to remain liquid at more or less normal temperatures ; sometimes it does not. To 
obtain what is known as the creosote or heavy creosote fraction, the distillate is 
“changed over ”’ when the specific gravity at the worm-end is about 1-070 at 60° F. 
It is difficult to give definite figures for the yield of this fraction, or of the length 
of time it takes to work off ; they vary very much according to kind of tar worked, 
what is desired of the fraction, and so on. As a rough guide the yield may be taken 
as ranging between 28 and 35 gallons per ton of tar, and the time to work the fraction 
off a 15- to 20-ton batch, between 5 and 7 hours. The specific gravity may be within 
the limits of 1-050 and 1-065. 

A stage in the process has now been reached in which the distillate has a very 
strong odour of sulphides, is of a greenish yellow colour, and as it flows from the 
worm-end in a thick stream appears viscid. This fraction contains anthracene 

“salts ’? and is liable to bring about an obstruction in the condensing worm, unless 
the temperature of the condenser water is high. It is advisable to keep the water 
at about boiling-point. After this fraction has been running for a short time, the 
fire is slackened and steam is introduced into the still. The introduction of steam 
helps to lengthen the life of the still bottom by reducing the tendency of the pitch 
to coke. It also reduces the time required for the distillation, and, if carefully 
managed, increases the yield of oil. The law of partial pressures no doubt plays 
a part in bringing about some of these results. Passage of steam into the still is 
continued until the finish of the distillation, which point is determined according 
to the quality of the pitch required. It is not possible to give a definite point at which 
to introduce the steam; it will vary according to the quality of tar worked, and 
has to be found by experience. Roughly the introduction stage lies between the 
points at which the specific gravity of the distillate at the worm-end tests 1-075 and 
1-090 at 60° F. Care must be taken to use perfectly dry steam ; wet steam, especially 
if inordinately wet, is liable to bring about a boil over. Slightly superheated steam 
can be used with advantage. A convenient pressure to employ is 70 lbs. to the 
square inch. The steam valve must be opened gradually; steam must not be 
admitted into the still suddenly. It is advisable to let the fire die out, or shut off 
the gas, as the case may be, shortly before the finishing point is reached, the hot 
brickwork and the steam being sufficient to continue the distillation to the end. 
A still will continue to work for about half an hour to an hour after the fires are 
drawn, and if the precaution just mentioned is not taken, there is a risk of making 
‘the pitch too hard. According to the kind of tar being worked, or the quality of 
pitch required, the finishing point may vary between a specific gravity of 1-080 and 


DISTILLATION OF COAL TAR 185 


1-130 at 60° F. The yield of this fraction, known as anthracene oil or “ green ”’ oil, 
given approximately as a guide, may be between 3 and 18 gallons per ton of tar, 
and the specific gravity may range from 1-070 to 1-100 at 60° F. 

When it is not desired to recover the anthracene, the heavy creosote and anthra- 
cene oil fractions are sometimes not separated but worked as one fraction. There are 
certain qualities of coal tar which yield so little anthracene oil that it is not worth 
while attempting to make a fraction. If it is desired to prepare a suitable creosote 
oil for burning in Wells or “ Lucigen ” lamps, then the heavy creosote distillate is 
“cut” at about 1-053 specific gravity at 60° F., and a fraction collected between 
this point and 1-075 specific gravity at the same temperature. A good burning 
creosote must be absolutely free from insoluble matter and suspended naphthalene 
“salts.” It should commence to distil at about 200° C., and approximately 60 
per cent. distil over by the time 260° C. is reached. The specific gravity may vary 
between 1-065 and 1-070 at 60° F. 

In order that the stillman may test the distillate as it leaves the worm-end, he 
is provided with a No. 1 Twaddell hydrometer, a Fahrenheit thermometer with the 
scale inside (floating thermometers similar to those used in dairies are very suitable 
for the purpose), and some test jars. Tinned-iron test cans will prove more economi- 
cal than glass test jars, which are easily broken. It is a good plan to arrange that 
the stillman has the “ cut” or “ change over ”’ points given him at so many degrees 
Twaddell at 100° F. This facilitates matters, and minimises the risk of overrunning 
the points, as the time taken for cooling the sample is less than if a lower temperature 
were used ; and it saves the man making a calculation in cases in which the distillate 
sets solid above 60° F. 

If safety-valves are fitted to the stills, each of them should be examined and 
the valve given a twist on its seat to keep it in working order. This operation must 
be conducted while the stills are being charged, or before they commence to work. 
Syphon or U-pipes, if used instead of safety-valves, must be cleaned out and filled 
again with water before the distilling operation commences. A good method of 
cleaning these pieces of apparatus is to blow steam through them from a jet, which 
may be fixed in a convenient place on the top of the battery of stills. All the receiver 
mains should be blown out with steam immediately after the distillate has finished 
running through them, or at the latest soon after the distillation has ended. The 
mixture of condensed steam and oil which results from this process is collected in 
a small tank called a “ slop tank,” the contents of which are kept warm by a small 
closed steam coil and the water and oil separated from time to time. The oil can. 
be mixed with the creosote distillate. It is very advisable to clean out the foul gas 
mains at least once a week, by blowing through them with open steam. 

The residue in the still (pitch) is allowed to remain for a varying period before 
running into the cooler. This is necessary in order to minimise the risk of damage 
to the still and its brickwork settings owing to the great heat stored up in them, 
to put less strain upon the cooler should this be of metal, and to reduce to a minimum 
the danger of the pitch taking fire. How long a period should elapse before “ running 
off’ the pitch will depend upon circumstances ; for instance, whether the coolers 
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are built of iron plates, or of brick, or constructed on the French weir system. The 
quantity of pitch inthe still is another factor in the case. As a good average time 
24 hours may be taken; but the author is acquainted. with some cases in which 
13 hours is the full time allowed, and with others in which 6 or 7 hours are 
allowed to elapse before the running-off operation is carried out. 

If the cooler is of the iron cylinder type, it must be prepared each time before 
running the pitch into it. Should it be fitted with a plug valve, the plug and seat 
must be cleaned and whitewashed. The plug must then be placed carefully on its 
seat, not jambed down too tight. Also the manhole should be covered properly 
with its lid, which may be lightly luted with lime putty. It 1s not necessary or advis- 
able to fasten the lid down, for if it is left unfastened it will act as a kind of safety- 
valve. Sometimes the coolers are whitewashed on the inside, but this need not be 
done if they are arranged so that they drain well. Water must not be allowed to 
gain access to the cooler, as it may bring about trouble when hot pitch comes in contact 
with it. For this reason the manlid must be kept on during wet weather. Before re- 
leasing the pitch into the cooler, it is necessary to put a pull on the foul gas main. In 
hot weather it is a good plan to keep the outside of the cooler limewashed, if exposed 
to the sun’s rays it will retard the absorption of heat, and so not hinder the cooling. 

When discharging the pitch from the still, the cock on the tail pipe should be 
opened very gradually. If the pitch does not run, owing to its having set in the ex- 
posed portion of the tail pipe, and this sometimes occurs in very cold weather, then 
warm the pipe by placing under it a little tow soaked in creosote and igniting it. 
Care is necessary in carrying out this operation. A sufficient time must be allowed 
for the still to thoroughly drain. To completely drain the still lowers the works 
expenses, as 1t reduces the amount of pitch coke formed at each distillation, increases 
the number of times a still can be worked before cleaning, and minimises the amount 
of wear on the still bottom. It is not necessary, nor is it advisable, to remove the 
manlid of the still before discharging the pitch; nor need any of the connections 
be taken apart. The foul gas main connected to the coolers should be kept at work 
for between one and two hours after the pitch has been discharged into them. 

After the still has been discharged, it must be allowed to stand empty for a period, 
the length of which will depend upon the size of the still and whether it is provided 
with a preheater or not. If there is no preheater, the flue dampers must be opened, 
in order to allow a current of air to pass round the still and cool it. After the lapse 
of between 14 and 2 hours the still can be charged with cold tar. It is not advisable to 
shorten the time as this will introduce the risk of an explosion, and also bring about 
an undue strain on the rivets and seams, producing leaks. In cases in which a pre- 
heater 1s provided there is no need to draw the dampers, and the still may be charged 
again about half an hour after the pitch has been run off. The tar in the preheater 
being hot the danger of starting the seams, or of explosion, is avoided. Whether 
cold or hot tar is run into the still it is as well to commence the operation slowly, 
and increase the speed of flow, say, after about 5 or 10 minutes has elapsed. Before 
commencing the next distilling operation, it 1s as well to dip the still, to check the 
amount of the charge. 
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The pitch is allowed to remain a number of hours in the cooler before it is 
discharged on to the bay. It is not possible to give a definite time, as the size of 
the cooler, requirements of local by-laws, state of the weather, and other conditions 
will affect this. In any case, it is not advisable to run the pitch on to the bay too 
hot ; some of the volatile matter is lost thereby, and acrid vapours are given off 
in such dense clouds that they create a nuisance. A good temperature at which to 
release the pitch is 130° C. When there are several coolers to discharge, it is best to 
release one of them at atime. Arrangements should be made to run the pitch on 
one portion of the bay only, by this method allowing a previous running to cool 
while another section is being dug. The pitch must not be run on to the bay too 
thickly : 12 to 18 inches is an ample depth, as much above this thickness will take 
an excessive time to cool, and is not dug so easily. 

Before running off the pitch from the coolers the bay must be properly prepared. 
to receive it. It is necessary to lime or chalkwash the bottom and the sides if 
these are of brick or concrete. Sand must not be used ; the buyers do not appreciate 
it. The very thinnest wash of lime or chalk-milk is all that is necessary. Every 
endeavour must be made to keep water off the bay, at least just previous to the dis- 
charging operation and while it is going on. The effect of water on hot pitch is to 
fill it with vapour cells, or in other words to make it cellular, and this appearance is 
not sought after by buyers. There is, of course, the difficulty of coping with wet 
weather. The best plan to adopt on a wet day is to limewash the bay a few minutes 
before discharging the pitch, and then run it onto the bay as quickly as possible. 
If the pitch is run to the bay via a gutter, see that the gutter is limewashed and cleaned 
out after each operation. 

After a still has been worked a number of times, varying according to the state 
of the tar, the care with which the still was set, and the amount of draining after 
each operation, it must be cleaned. A good average is seven times; often a still 
is cleaned after working four times, and cases occur in which it is not cleaned until 
it has worked eighteen times. The money and time spent in frequent still cleaning 
cannot be considered as wasted. It brings about a saving in fuel and increases the 
life of the still bottom, both to a considerable degree. In the cleaning operation, 
the mixture of partly coked pitch and “free carbon” must be cleaned or scaled 
off the still bottom and sides very thoroughly, taking care to remove any which may 
adhere to rivet heads or find lodgment in seams. The formation of this scale is due 
partly to the heat retained in the brickwork surrounding the still coking the thin 
layer of pitch left in the still at the end of the “ running off ”’ operation, and partly 
to “free carbon”’ which deposits and adheres to the bottom during the first and 
intermediate portions of the operation. For the scaling of stills, the following tools 
are in general use: short or miner’s picks, straight and cross pane 4-lb. hammers 
and chipping chisels. 

It is very necessary that certain precautions be taken to prevent accidents to 
workmen during the cleaning process. The still should be completely isolated from 
adjoining plant by disconnecting the swan neck from the condenser worm and the 
tail pipe from the pitch cooler. If there is not a small connecting pipe which can be 
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removed completely, then a blank flange should be placed between the disconnected 
flanges. In cases in which the still is connected to a preheater the cock on the charge 
pipe must be locked or a blank flange used, as just described, on the still side of the 
cock. The manlid must be removed shortly after the pitch has been run off, and it 
is as well to drive out the foul air by blowing steam into the still. Sufficient time 
must be allowed for the still to cool before an entry is attempted. The length of 
time will vary according to the size of the still, the time of the year, and whether 
the still is one of a battery or the only one. It is best found by experience, but as 
a guide, 30 to 48 hours are general in tar-distilling practice. A responsible person 
should inspect the still before a workman is allowed to enter. The workman who 
enters the still must have a belt fastened round his body, with a rope attached. 
This belt 1s best made of stout webbing, and provided with two wash-leather pads 
on the spots which come under the armpits. In order that the wearer may be drawn 
up head-foremost in a case of “‘ gassing,” the belt must be worn well up to the armpits. 
Two men should be on duty outside the still, having charge of the free end of the rope 
and keeping watch on the workman inside for any signs of “ gassing.” The ladder 
which is used to descend into the still is provided with two right-angle hooks at the 
top, which fit over the manhole edge, and thus prevent slipping. 

A new process for the distillation of tar has been introduced and patented! 
by the Barrett Company of New York. It consists in repeatedly circulating through 
the hot tar, contained in a still, an inert gas or a mixture of inert gases which will 
not condense at 0° C. at atmospheric pressure. Suitable gases are carbon dioxide 
and carbon monoxide, and if desired a mixture of these gases can be employed. 
The best results are obtained by passing repeatedly through the hot tar an amount 
of inert gas not less than one cubic foot per minute per 100 gallons of material filled 
into the still, and although not absolutely necessary it is desirable to heat the gas 
before passing it through the tar. In this process there is an increased yield of oil 
which becomes more pronounced the further the distillation is carried. 

The following data are given in order to illustrate the results which may be 
obtained by using this process in the distillation of a coke-oven tar, and to make 
a comparison with the results obtained by known processes. The tar used had a 
“free carbon” content of 8-5 per cent., and in those cases in which gas was intro- 
duced it was passed at the rate of about 15 cubic feet per minute per 100 gallons of 
material charged into the still. 





TABLE 56 
Per cent. Per cent. by ; : Pitch 
by weight weight pitch Pitch, Air per cent. 
oil obtained. obtained. melting-point. | « free carbon.” 

Distillation without agitation 40-1 57-8 280° F. 40-7 
Air used notrecirculated . 30 °0 63-0 286° F. 35-1 
Nitrogen recirculated . , 52-0 46-4 PANS the pa a4 
Carbon dioxide recirculated 51-2 46-7 2108 Ee 28-2 
Mechanically stirred . : 40-0 57-9 300° F. 46-5 








1 EH. P., 158,852. ‘April Ist, 1920. 
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An advantage claimed by the inventors of this process is: That the distillation 
of a tar may be carried to such an extent that a pitch possessing a much higher melt- 
ing point than one obtained by the usual method may be produced without endanger- 
ing the still, and also a greater yield of liquid distillate results. It is considered that 
this is due to the small amount of carbon which is formed during the process ;_ if 
a large amount of this material is produced there is a tendency to form coke on 
the still plates, especially on the bottom, with consequent burning, brickling or 
blistering of the plates due to poor heat transference from the fire to the still 
contents. | 

By the use of this process it is contended that pitches possessing melting points 
between 350° and 600° F. can be obtained without difficulty, or undue coking on the 
still plates, whereas by the ordinary methods of distillation it is not economically 
possible to obtain a pitch with a melting point above 320° F. 

No mention is made by the inventors as to whether any difficulty occurs during 
the process of condensation due to the presence of non-condensable gas. It is a well- 
known fact that if there is present in a vapour to be condensed an appreciable 
amount of non-condensable gas, then the coefficient of heat transmission between 
the former and the condensing surface will suffer a very large decrease. This is due 
to the fact that a non-condensable gas exerts an insulating effect between the con- 
densing surface and the vapour to be condensed owing to the property it possesses 
of attaching itself to the former. 

Prepared and dehydrated tars are used for many purposes, the chief of which is 
for road treatment. Among the minor uses may be mentioned its employment in 
the manufacture of roofing felt, electric arc-lamp carbons, and the linings of 
converters used in the basic Bessemer process. Most of the specifications to which 
these prepared tars are made are the private property of interested firms. 

Dehydrated tar is made without difficulty by carefully distilling off all the 
water (entangled ammoniacal liquor), and with it, of course, the crude naphtha, 
from a charge of coal tar. After these products have distilled off, the fire is drawn, 
the dampers opened, and the still allowed to rest for a few hours, when the dehydrated 
tar may be pumped into a storage tank, railway tank wagons, or filled into barrels. 
The connection between the still and the cooler must, of course, be broken, and the 
tail pipe of the still fitted up to a main connected to a pump, and also by-passed to 
a barrel-filling stand-pipe. Sometimes tar which has been kept in stock for a con- 
siderable time is called dehydrated tar, but in the strict sense this 1s not a correct 
term, as this kind of tar will contain a certain percentage of entangled water, in 
spite of long standing. 

As already mentioned, by far the ee quantity of prepared tar 1s used for 
road treatment, and therefore chief consideration will be given to it in this connection. 
A batch of prepared tar, suitable for road treatment, may be manufactured as follows. 
‘Twenty tons of gas tar are charged into a still, and the ammoniacal water, crude 
naphtha, light oil, and middle oil distilled off, as described on pages 183-184. 
When the distillate at the worm end reaches a specific gravity of 1-045 at 60° F. 
the fires are drawn, or the gas shut off, and the dampers opened. The contents of 
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the still are allowed to stand at rest until the temperature reaches about 250° F. 
and then 2300 gallons of heavy creosote of a specific gravity between 1-060 and 1-065 
and free from “ salts” and water, are added. Thorough agitation of the mixture 1s 
necessary. The creosote is added by pumping it through the tail pipe of the still, 
and agitation is brought about by blowing a gentle current of air into the still through 
the same pipe. A far better plan, and one which will not hold the still up while the 
half-finished material is cooling to 250° F., is to provide a cylindrical boiler tank 
of suitable size as a mixing tank, and run or pump the material from the still into 
this. It should, of course, be allowed to rest for an hour or two in the still betore 
running into the mixing tank. This tank can be fitted with a mechanical agitator, 
or the agitation be carried out by blowing air into the material through a perforated 
pipe. After a thorough mixing, the prepared tar may be pumped into railway tanks 
or to a storage tank, or filled into barrels for despatch. As it is often required that 
the prepared tar be filled into tar-spraying machines hot, it is a good plan to place 
the storage tank in an elevated position, and provide it with a closed steam coil. 
By this means the tar can be run into the spraying machine by force of gravity, 
and hot. The specific gravity of prepared tars may vary between 1-16 and 1-125 
at 60° F. 

For quite a number of years there has been a considerable amount of discussion 
on the subject of tar preparations for road treatment. The Roads Board issued in 
April, 1911, a set of general directions and specifications relating to the tar treat- 
ment of roads, and these directions and specifications were revised in 1914. In 1916 
these specifications were adopted provisionally as the British Standard Specifica- 
tions for Tars and Pitches used for Road Work, and in 1923 the Ministry of Transport 
revised them. 

The chief items in the tar specifications of interest to tar distillers are those 
which relate to : (a) the source of the tar ; (b) the specific gravity ; (c) freedom from 
water; (d) fractionation; (e) amount of phenols; (f) “free carbon’’ content. 
Briefly, the specific gravity must be high, the amount of water and phenols soluble 
in water low, and the “free carbon’ must not be higher than 20 to 21 per cent. 
If the reader desires further particulars he is referred to the literature on the subject, 
among which are the publications mentioned in the footnotes.? 

The experience of practical tar distillers, which the writer can corroborate, 
shows that it is not possible for the tar distiller to produce from some crude tars 
a prepared tar that will answer the specifications laid down by the Roads Board ; 
and yet tars can be manufactured at these works which, when used on roads, give 
results equal to any that answer the Roads Board specifications. For example, the 
four tars A, B, C, and D in Table 57 have been used largely for road treatment, all 


1 General Directions and Specifications relating to the Tar Treatment of Roads. H.M. 

Stationery Office, 1923, Price ls. net. 

‘“ Improvements of Highways to meet Modern Condition of Traffic,” by T. W. 
Smith. Proc. Inst. C.E., series 1910-1911. 

‘* Up-to-date Roads,” by R.O. Wynne Roberts. Trans. Soc. Hng., May, 1910, Vol. 
TEND s oO: 

‘* Investigations on Coal Tar and some of its Products,’”’ A. R. Warnes and W. B. 
Southerton, Z'rans. Midland Junior Gas Association, 1912. 
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of them giving excellent results, and yet when compared with the Roads Board 
specification only C and D answer it. 























TABLE 57 
Roap TAaRs 
Road Board Specification. | A tar. B tar. C tar. D tar. 
Below 170° C. not ere than 1% a nil 4% Pes eee 
170-270° ©. Vi hares a ee 30% | 29% | 25% | 22% 
2a |) AE a et GAs de TET a ee RE ol oa 
| 


As a matter of fact A tar has been used on roads subjected to very heavy traftic 
and it has stood well for a period of two years. 

It should be noted that gas tar as a road-binding material is now prohibited 
where roads drain into fishing waters. This is due to the fact that many complaints 
of fish poisoning have been received by the authorities. For other remarks on this 
subject see Chapter XXII. | 

There is no doubt that in the future tar distillers will have to devote more care 
and apply more technical skill in the manufacture of road tars if they intend to keep 
their business in these materials. Petroleum bitumen is becoming a very real com- 
petitor in this direction. Vertical retort tar is not a satisfactory material from which 
to prepare road tars, and the small quantity of “free carbon” present may be a 
contributory cause. It is quite possible, however, by the judicious addition of petro- 
leum bitumen to produce satisfactory results. The presence of a certain amount of 
“free carbon ” seems to be necessary in road tars, but exactly where to draw the 
line has not yet been determined with any degree of accuracy. 

Some manufacturers of road tars advocate the addition of crude naphtha to 
these preparations. This should not be tolerated, as crude naphtha is a valuable 
benzole, toluole, and naphtha-yielding material. If ever middle oils are employed 
in the manufacture of road tars they should be deprived of the useful phenols first. 

The author is strongly against the use of light tar oils and even middle oils in 
the process of “‘ cutting back,” not only on account of the value of these oils in other 
directions, but because of the great risk of producing coagulation and consequent 
precipitation of the suspensoid matters contained in the highly viscid prepared tars. 
It is well known that oils of a low-distilling range bring about this coagulation with 
great ease, and even with the oils of high-distilling range, such as heavy creosote 
and anthracene oil, it is necessary to use care and not to overstep the amount which 
can be safely used. 

A prepared tar containing flocculated suspensoids is practically useless as a 
binding agent, as, on applying to a road the precipitated solid matter will be filtered 
out more or less by the external surface and left thereon, whilst the fluid oils will 
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penetrate into the road substance simply “ wetting” it, but in no way binding it, 
as a good prepared tar should. 

The suspended matter in tar, when coagulated, is known by the appellation 
“free carbon,” and although condemned by many as a deleterious or even useless 
ingredient of road tars, has been found by the careful and observant practical man 
to be of considerable value in a road binder, acting as a toughener and rendering 
the treated road less susceptible to climatic changes. The author’s experience in 
the manufacture of road tars and in the results obtained from them leave no doubt 
in his mind as to the truth of these statements.? | 

That the actinic rays of sunlight when acting upon bituminous materials and on 
coal tar and allied products causes chemical and physical changes to take place 
with the production of ‘“‘ free carbon” is proved by much experimental evidence, 
but whether the amount formed by this means in, say, a road tar, plays a serious 
part in its disintegration, is very doubtful. In the author’s experience he finds that 
water-gas pitch and materials containing this substance are affected by actinic rays 
to a much greater extent than coal tar or coal tar pitch. For fuller particulars 
the reader should consult the literature referred to in the footnotes (?), (°), 
and (*). 

A tar for the manufacture of roofing felt may be prepared by distilling a charge 
of coal tar until the distillate at the worm-end tests 1-050 at 60° F. The distillate 
which comes over before this point is reached is separated into the usual fractions 
as already described. The residue is allowed to cool to about 240° F., either in the still 
or in a suitable mixing tank, and then mixed with creosote of a specific gravity 
1:045 at 60° F., in the proportion of 1750 gallons for every 15 tons of tar 
distilled. 

The process of continuous dehydration and continuous distillation of tar as 
carried out when using the Hird plants, described in Chapter VIII, will now receive 
attention. In the continuous dehydration plant the following takes place. On 
leaving the storage tank the crude tar enters the condenser tank by the tar inlet 
at the bottom, and in passing upwards to the outlet on the opposite side of the tank 
circulates round the condenser coil and absorbs heat from the distillate which is 
passing through this coil on its way to the distillate receiver. After leaving the con- 
denser tank the crude tar passes through the inner tubes of the cooler, and while 
doing this it absorbs heat and cools the prepared tar which is flowing through the 
cooler jacket on its way to the prepared tar receiver. From the cooler the hot crude 
tar enters the still at a temperature approximating 70° C., and travels first down one 
side and then up the other, due to the presence of the longitudinal baffles. While the 


1 Trans. Midland Junior Gas Association, 1912, pp. 108-109. See also ‘* Investiga- 
tions on Coal Tar and some of its Products,’’ Arthur R. Warnes and W. B. Southerton. 

2 “ Effect of Exposure on Tar Products,’’ Chas. $8. Reeve and Benjamin A. Anderton, 
U.S.A. Office of Public Roads and Rural Engineering, Gas World, October 28th, 1916, 
pp. 384-386. ; 

3 Asphalts and Allied Substances, Abraham. 

4 “** A cause of Weakness in films of Bitumen Paints,’’ A. R. Warnes, O71 and Colour 
Trades Jour., May 4th, 1918, p. 1489. 
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tar is passing through the still it is heated by means of the tubes at the still bottom, 
and it gives off in the form of vapour the water, the crude naphtha and light oils, 
which pass forward through the swan neck and vapour pipe to the condenser coil, 
where they are condensed, and from which they are conducted in the liquid form 
to the distillate receiver. The tar leaves the still, passes into the jacket of the 
heater, and thence into the prepared tar receiver. 

The continuous process of tar dehydration offers several advantages over the 
intermittent system, among which are (1) low supervision charges, (2) low fuel 
consumption per ton of tar distilled, (3) reduced wear and tear of plant, (4) small 
area occupied by plant, (5) low cost of plant.. Continuous dehydration plants can 
be arranged for the removal of the benzole and toluole which are taken up by the oil 
in the gas-washing. They are-also very suitable for the preparation of prepared 
tars to answer the Roads Board specifications. It is, of course, necessary to vary 
the working temperature according to the kind of prepared tar required. For tar 
to answer specification No. 1 for spraying, the working temperature approximates 
230° C., for specification No. 2, tar for macadam, a working temperature of 260° C. 
is necessary, and for specification No. 3, tar for grouting, a temperature of 288° C. 
is the best to employ. Naturally the character of the prepared tar and the yield 
of distillates will vary a little according to the quality of the crude tar passing 
through the plant. 

Compared with the intermittent system, Hird’s continuous system of tar 
distillation shows several advantages. The chief of these are :— 


1. When started the plant is able to do its work automatically without depend- 
ing entirely upon personal supervision. 

2.. Very low temperatures prevail throughout the whole of the stills, with the 
result that wear and tear of plant is reduced to a minimum. 

3. The process being continuous, there is no loss of heat from stopping and 
restarting, and, consequently, there is a distinct economy in the cost of 
distillation. , 

4, The various fractions are automatically and simultaneously discharged into 
the receivers, and no attention whatever is necessary. 

5. A plant to deal continuously with one ton of tar per hour never contains 
more than three tons of tar in process of distillation. 


Briefly, the method of working this plant is as follows: The crude tar is con- 
ducted from the storage tank into the regulating tank ; from this tank it flows to 
the steam preheater, then to the first of the series of heaters, a constant head being 
maintained by means of a-float valve in the regulating tank. In passing through 
these heaters the temperature of the tar is raised by its receiving heat from the 
distillates leaving the stills as they pass through the coils. During its passage the 
tar is deprived of practically all of its water and crude naphtha. The vapours of 
these ‘materials pass into a common main, and thence through the tube of a coil 
condenser, in which they are condensed. The condensed liquids pass through a 
sight box and a separator, and then to their respective receivers. 
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After its passage through the heater-coolers the tar flows through the coil in; 
the pitch cooler, and while doing this its temperature is further raised, while that 
of the pitch is correspondingly lowered. On leaving the pitch cooler the tempera- 
ture of the tar may be from 120° to 200° C., according to the original composition. 
If the original water content has been high much of the heat will have gone into the 
removal of water during the passage through the heaters. 

The tar is now distilled for its light oil, creosotes, etc., by adjusting the heating 
of the stills so that as the tar flows through them in succession it shows such tempera- 
tures as have previously been found to give desirable oil fractions. The anthracene 
distillation is helped by live steam as usual in tar distilling. 

The residue from the last still is liquid pitch, and this passes from the still into 
the pitch cooler, through which it travels on its way to the pitch bay, and during 
its progress it gives up much of its heat to the crude tar passing through a pipe 
immersed in it, on its way to No. | still. The temperature of the pitch on leaving 
the cooler is such that it does away with the giving off of the irritating fumes so 
often observed when running off pitch in the intermittent system. 

With this plant it is possible to adjust the temperatures so as to obtain con- 
tinuously uniform fractions of any desired boiling-point, while at the same time 
the pitch can be varied to meet any desired twisting-point. One man is able to 
superintend the working of the plant, his duty being merely to adjust the burners 
and read the pyrometers, which indicate clearly the working of the stills. 

As a tar-distilling plant, the principal commercial advantages are the heat 
economy rendered possible by continuous working, and the fact that the steel tubes 
employed as heating surfaces are a standard article, easily removed and replaced 
by a works fitter. This latter fact, set against the cost of boiler plate-work required 
on a steel still bottom of the vertical or horizontal type, represents a distinct advant- 
age. Moreover, the main fabric of the still being of C.I. is practically indestructible 
and renewal of tubes does not require destruction of brickwork or oe disturbance 
of the still itself. 

It is now possible to estimate and guarantee the probable life of a tube on 
various types of tars, as a wide experience of the effects of different tars has been 
obtained. 

The Hird Plant is particularly attractive to coke-oven installations, because 
the tar production at such places is generally on a scale where complete distillation 
is directly profitable ; surplus gas is available for firing, and the works is guaranteed 
an ample supply of fresh wash-oils, blended according to the exact requirements 
of the benzole plant. 

The most noteworthy recent installations have been one set of thirty tons per 
day capacity, being the second repeat order from the Team By-Product Coke Co., 
near Newcastle-on-Tyne, and the complete installation at the Rother Vale Cinin 
Plant, near Rotherham, capacity sixty tons per day. (The latter is shown in illustra- 
tion, Fig. 68.) Both these are gas-fired plants. 

To enable the works manager to keep some sort of check on the yield of the 
various distillates obtained from the tar which he is passing through his stills from 
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month to month, it is a good plan to make out a balance-sheet, say, once a week, 
similar to the following :— 





Tons. Gals. per ton. Tons. 
Tar distilled . a L00 Liquor : fe 0080 o-0() 
Crude naphtha . 3°83 1-56 
Lightoil  . ALD ay 
Middle oil .. en Omen 4A 
Creosote ; 2940) 13°72 
Pitch ¥. oo 67-78 
Loss (by difference) — 1-90 
100 100-00 
ULTIMATE PRopucts 
Benzole, 90 per cent. . 1-71 galls. per ton tar. 
Solvent naphtha, 90-160° . eo Ole. * a 
Heavy naphtha, -920° 4D hs it 
Carbolic, 50° . ; ; EUR oe te 43 
Creosote— 


From tar direct 39-08 
From bottoms 14-39 

——. Spe ce A 
Pitch = 5 melo OU CWL le a. A 


Working costs in regard to the distillation of tar will vary in different works 
according to local conditions, kind of tar, type of plant, condition of plant, whether 
gas or coal firing is employed, and so on. The following figures may, however, 
prove of some use as a guide to beginners :— 

Wages productive and non-productive, 2s. 6d. per ton of tar distilled. Stillman’s 
wages, 43d. per ton of tar distilled. These are pre-war figures, and in order to obtain 
the correct ones it will be necessary to add to them the percentage increase in wages, 
etc., existing at the present moment. 

As there has been, and still is, a considerable amount of discussion on the 
subject of fish poisoning due to the drainage of tarred roads running into fish ponds 
and streams, the author thinks it advisable to call the attention of readers to a paper 
entitled, “A Note on the Determination of Tar.Acids in Drainage from Tarred 
Roads,” by J. J. Fox and J. H. Gauge.! 

Further, in connection with this subject, the reader is referred to a short notice 
upon the alleged destruction of trout by coal tar, which appeared in the Gas World. 
An interim report has been recently presented bya Joint Departmental Committee 
appointed by the Ministries of Transport and of Agriculture, after it had considered 
the question of damage to fisheries by pollution caused by rain washings from tarred 
roads. The conclusions reached by this committee are :— 


1 Jour. Soc. Chem. Ind., Vol. 39, No. 15, p. 260T. 
2 July 17th, 1920, p. 55. | 
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1. That rain-washings from a water-bound granite road surface are not in 
ordinary circumstances injurious to fish or fish food. 

2. That the first rain-washings from such a surface which has been recently 
tarred (say, within a week) will certainly be injurious, to fish and fish food, unless 
mixed with at least an equal volume of unpolluted water, and may be injurious 
unless mixed with a considerably larger volume of unpolluted water. That they 
will not, however, be injurious to fish or fish food if diluted with at least ten times 
their volume of unpolluted water. 

3. That subsequent rain-washings from such a tarred road in the early stages 
of its life are not injurious to fish and fish food, provided they are mixed with at 
least an equal volume of unpolluted water. 

4. That filtration through freshly cut turf reduces to an extent not yet 
precisely ascertained the injurious character of rain-washings from such a tarred 
road. 

5. That storage of rain-washings from such a tarred road reduces in some 
respects their toxic character. 

6. That while pond vegetation appears to be uninjured by rain-washings from 
such a tarred road of which the surface is unbroken, washings carrying silt from 
such a tarred surface which is breaking up damage watercress. 

7. That rain-washings from such a tarred road in process of disintegration will 
certainly be injurious to fish and fish food, unless previously mixed with unpolluted 
water to an extent not yet ascertained. 

These conclusions apply when the tar used complies, except in respect of excess 
of naphthalene, with the Roads Board Specification for Tar No. 1. It should be 
noted that the experimental work was carried out at Alresford, Hampshire, at a 
point where the rain-washings from a stretch of main road in the open country 
could be passed into small ponds stocked with trout, and furnished with a sufficient 
supply of natural food and flow of good water to. maintain the trout in health when 
the water supply was uncontaminated by road-washings or other specific pollution. 
The committee suggested that highway authorities should give preference to asphaltic 
bitumen free from tar products for the treatment of roads draining directly into fish- 
ing waters. | 

In the author’s opinion this report is not altogether convincing from the practical 
point of view. Apparently the small ponds were made specially by the road side ; 
rather an unusual place for fish ponds. In cases where almost stagnant fishing 
waters are near to roads, a field or a portion of one intervenes, and the drainings 
from the roads would have to percolate through some yards of soil before they 
reached the water. It is very questionable under these circumstances whether they 
would be dangerous. The obvious remedy in risky cases is to prevent the drainings 
from running into the pond. In regard to running streams in proximity to roads, 
these are usually separated by a bank or narrow width of land, and unless the drain- 
ings are deliberately run into the stream the element of danger is absent. Even in 
cases in which the stream is wmmediately alongside the road (if such do exist), con-. 
siderable dilution of the road drainings would take. place almost at once, and thus 
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destroy the injurious nature of the polluted water. The speed of the flow of water 
in the experimental ponds is not stated. 

Ifthe tar used on a road has been prepared according to the Roads Board Specifi- 
cations it should not, ‘ on vigorous agitation for a quarter of an hour, with twenty 
times its volume of water at 21° C. impart to the water more than 5 grains of pheno- 
loid bodies, reckoned as phenols, per gallon of water (0-007 per cent.).” This is a 
very small quantity, but it is quite sufficient to act destructively on fish life. Wynter 
Blyth states that a solution of phenol in water of 1 : 7,000 kills dace, minnows, roach, 
and gold fish, whilst 1: 100,000 appears to affect the health of fish. The amount 
of phenoloids in the washings from Roads Board tar (obtained as per directions given 
above), viz. 0-007 per cent., represents 1 : 14,286, and in order to reduce the strength 
to well below the danger figure dilution with, say, eight times its volume of water is 
necessary. Now, it is quite unlikely that even a very heavy downpour of rain on 
a freshly tarred road will yield washings containing 0-007 per cent. of tar acids ; 
the vigorous shaking and the same ratio of tar to water would not exist, and a 
very considerable portion of the tar with its tar acids, etc., would be bound by the 
road material, say, by adsorption, especially of the road has been properly prepared 
before tarring. If we consider a downpour of rain of 0-2 inch on a portion of a road 
30 feet wide and 200 feet stretch, well prepared and properly tarred, the amount of 
water to drain off that portion will be, in round figures, 623 gallons. The average 
content of phenoloid bodies in this water is not likely to exceed 0-002 per cent., or 
1 : 50,000, and dilution with 14 times its volume of unpolluted water will destroy 
its dangerous nature. Ifthe road is built with a proper camber then, approximately, 
only one-half of the volume of drainings (311 gallons) will fall towards the stream 
alongside the road. 

How can silt from a tarred road surface get into a pond unless the drainings 
carrying that silt are deliberately discharged therein, or the edge of the pond forms 
one side of the tarred road 2? Watercress can be damaged, not only by “ tarred road 
silt,’ but by any material which will adhere to the floating leaves and thus choke 
the stomata. 

The author doubts the usual opinion that the phenols in the surface drainings 
from a tarred road are the sole cause of trouble, when zt occurs. Is it not likely that 
one or more of the auxetics which occur in tar (say, acridine) may contribute towards 
the poisonous nature of undiluted washings ? Acridine is sparingly soluble in cold 
water, and even very dilute solutions of it cause intense irritation when applied to 
the mucous membranes ; and fish are very sensitive creatures where irritant poisons 
are concerned. 
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APPENDIX 1 


In a paper on low-temperature carbonisation given by J. Stanley Morgan, .sc., before 
the Coke Oven Managers’ Association, Durham, on March 24th, 1923, a new method of 
carbonising coal by the use of a lead bath was discussed. The chief point about this 
method, which is of interest to tar distillers, is the fact that a tar is obtained which 
yields approximately only 30 per cent. of pitch, which requires less working up than any 
other type of tar, being even easier to handle than vertical retort gas tar. It is worthy of 
note that the oils from this tar are said to contain no benzoles. Mr. Morgan also stated 
that the lead bath had been successfully applied on a large scale to the distillation of 
coal tar oil.? 


APPENDIX 2 


H. M. Lowe? points out that tar distillation from pot stills, as practised generally, is 
thermally very inefficient, and that at least four times the theoretical quantity of fuel is 
used. He goes on to say that “ The main fuel saving will be made by reconsidering in 
detail the design of the stills and flues, and a successful solution of this problem would 
do much more than is possible by a preheater. Secondly, self-cooling of the pitch in the 
still by the passage of steam or other inert gas should help considerably, and if developed 
do away with the necessity for pitch coolers. Thirdly, it has been shown that preheaters, 
apart from their main purpose of utilising the heat of the oil vapours, are justified.” 

Whilst this writer is correct in most of his assertions, the author thinks that the best 
method of reducing the consumption of fuel used for the distillation of tar is to carefully 
study the process of continuous distillation, and improve upon existing continuous plants 
rather than concentrate attention on modifying the design of pot still flues and settings. 
It is not possible to design flues for pot stills which will give results anything near the 
theoretical. One thing which stands in the way is the expansion and contraction which 
takes place in the still itself, which creates a considerable amount of leakage between the 
brickwork of the flues and the still; another, that the smaller type of pot still hardly 
lends itself to being set in a divided flue ; another, that with certain types of tar a curtain 
arch or other protection for the bottom becomes necessary. — 

Self-cooling of the pitch in the still by the use of steam or inert gas is not the best 
plan ; it is better to transfer the heat of the pitch to cold tar. . 

It has been suggested to the author that heating a tar still by means of oil baths 
(heating by oil circulation) will make for economy so far as fuel consumption is concerned. 
No doubt there is a great deal in this, but it seems that if the product itself, z.e. the 
tar, can be used to a very great extent as the “oil bath,” thus considerably minimising 
the amount of fuel which is necessary to heat up a portion of the tar initially, then a very 
substantial economy is secured in the process of tar distillation. 


1 Messrs. Woodall, Duckham and Jones, Ltd., London, have formed a research 
committee to exploit the lead bath process. 

2 “ The Theoretical Heat balance of Tar Distillation,” the Gas World, Coking Section, 
January 6th, 1923, p. 14. 
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A process which appeals very much to the author, and which uses this method, is 
that invented by Messrs. Major and Co., Ltd. A brief description of this process is as 
follows, and the plant used is illustrated in Fig. 72. 

Major’s continuous distillation plant is the result of a number of years’ experimenta- 
tion, and at the present moment there are several plants installed which are doing all 
that is claimed for them. In addition to the distillation of crude tar to pitch and the 
manufacture of road tars, this plant can be used for the continuous distillation of crude 
petroleum, light oils, etc. One advantage of Major’s system is that a battery of inter- 
mittent stills of the usual pot type can be easily adapted with little alterations to existing 
fittings, pipe lines, or connections. Tars with a high content of water are easily worked 
without the risk of priming, and the products obtained are of excellent quality. The 
system is easily understood when reference is made to the diagram, Fig. 72. From the 
store tank the tar is pumped to an overhead tank fitted with an arrangement so that a 
constant head is maintained on the feed to the distillation plant. This feed passes first 
of all through preheaters, similar to those attached to the usual intermittent plants, 
where the crude tar acts as a partial condenser for the vapours from the stills. After 
leaving the preheaters the crude tar passes through the pitch cooler by means of a series 
of pipes (where further heat is extracted from the pitch and the tar gains in temperature), 
and then to an overhead vapour vessel where any light vapours distil off. From this 
vessel the crude tar passes to the first still which is fitted internally as shown in Fig. 72, 
and it is led by means of a pipe to the bottom of the still. It then ascends the vertical 
tubes, which are surmounted by trays with serrated edges. In its course through the 
down pipe and vertical pipes the crude tar is heated by the material (tar) in the still, 
which serves as a bath. At the trays vapours are given off and the heavier undistilled 
portion of the tar flows over the serrated edges of the trays into the body of the still. 
The overflow from this still is taken from the bottom so that the material must pass 
through the whole of this vessel before running to the next still. 

The stills are maintained at definite temperatures to fix the fractions and residues, 
and by control of these temperatures and coil-end tests any desired residue such as 
prepared tar or pitch of a definite test can be obtained, also the fractions can be controlled 
to any desired degree. It is important to note that the internal fittings are made in 
sections, and are easily removed for cleaning purposes. 

As an example of the efficiency of this system, a battery of three or four stills (accord- 
ing to the nature of the crude tar), each holding about 800 gallons, can work 100 tons 
per day of 24 hours of crude tar to pitch. At the Wolverhampton works of Messrs. 
Major and Co., Ltd., a run of 9,000 tons of tar through a battery of three stills, to prepared 
tar, gave most satisfactory results and no cleaning was required ; the still plates being 
absolutely clean on examination after the passage of this large quantity of tar. 

The system shows an excellent thermal efficiency, and the patentees secure further 
saving by the installation of a waste heat boiler in the flues, which can be made to supply 
steam for part of the process or for pumping. 


1 Major’s Continuous Stills. B. Pat. Nos. 13,572/1922 and 18,807/1922 (Cognate Still). 
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Fic. 72.—Masor’s Patent CONTINUOUS SYSTEM FOR DISTILLATION. 


A. Preheater. B. Still. C. Cooler. 
D. Waste-heat Boiler. E. Chimney. 














CHAPTER X 


PLANT FOR RECOVERING CARBOLIC AND CRESYLIC 
ACIDS FROM OILS 


THERE are two methods in general use for the recovering of phenols from tar dis- 
tillates : (a) The sulphuric acid process, in which moderately dilute sulphuric acid 
is used to decompose the solution of phenolates— 
known technically as “carbolate” and “‘cresylate”’ 
—and the resulting sodium sulphate run to the 
drain, the phenols only being recovered ; and (6) 
the CO, process, in which carbonic acid gas is 
employed to decompose the “carbolate”’ or 
“cresylate,’ the resulting sodium carbonate 
being converted into caustic soda by causticisation, 
and used for extracting a further quantity of tar 
acids. The latter process is sometimes known as 
the “continuous process.’ It is much more 
economical to work than the former, although the 
initial outlay for plant is somewhat greater. 
Washing tanks, generally known as washers, 
are required for both processes. These tanks may 
have a total capacity of 3,500 to 4,500 gallons, 
and in shape are generally cylindrical; sometimes 
round-bottomed, trough-shaped tanks are used. 
The cylindrical washers are placed in a horizontal 
or vertical position. If in the former position, the 
washer should be tilted a little towards the outlet, 
but if in the latter, it should be provided with a 
dish or shallow cone-shaped bottom. A cone- 
shaped bottom will give the best results as 
regards draining. Horizontal washers are pro- 
vided with a shaft on-which are fitted agitating 
arms, and the journals of which pass through | | 
stuffing boxes let in each end of the washer. Good second-hand boilers, from 
which the tubes have been drawn and the ends blanked, make excellent washers. 
Vertical washers may be fitted with an archimedean screw agitator, or wing agitators, 
on a horizontal or vertical shaft. If an agitator of the latter type is used in the vertical 
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Fic. 73.—TyrpHoon WASHER. 
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position it is advisable to fit several fixed arms on the side of the apparatus. It is 
policy to cover the vertical and also the horizontal trough-shaped washers, and a 
manhole and lid must be provided. 

In Figures 73, 74, 75, 76, will be seen diagrammatic illustrations of efficient 
types of washers suitable for use in connection with a tar acid plant. A washer 
of the Typhoon type is illustrated in Fig. 73, and it will be seen that it consists 
chiefly of a cylindrical tank with a cone-shaped bottom, a central vertical shait 
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Fic. 74.—WaASHER BY NEILL AND Son, Ltp. 


suspended by a bracket at the top and having fixed at the bottom a small paddle, and 
three baffle plates which can be raised or lowered as desired. The motion of the paddle 
causes a vortex to form in the centre of the liquid contents of the washer, and the 
baffles which are placed in a position so that their bottom edges are just below the 
surface of the revolving liquid cause it to fall into the centre of the vortex. In 
Fig. 74 is illustrated a washer of the archimedean screw type as manufactured by 
Messrs. W. Neill and Sons, Ltd., and another type of washer manufactured by the 
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Leeds and Bradford Boiler Company is shown in Fig. 75. The principle upon which 
these two types of washers act is easily seen from an inspection of the diagrams. 


A vortex mixer suitable for washing 
benzoles, naphthas, and also anthracene is 
shown in Fig. 76. It is made by Messrs. S. 
H. Johnson and Co., Ltd., and its mode of 
action is, briefly, as follows : A rotating vane 
near the bottom of the mixer imparts to its 
contents a rotary motion in. a_ horizontal 
direction. Fixed curve plates near the top 
of the mixer continuously deflect the upper 
layer of the rotating liquid to the centre 
where the conflux of the streams from the 
several deflecting plates causes a considerable 
vortex, down which the liquid descends to 
feed the vane at the bottom, where it is 
again thrown out to the sides of the mixer. 
There is thus a rapid and continuous vertical 
circulation in addition to the usual horizontal 
swirling. This twofold motion of the liquid 
in the mixer causes a violent agitation which 
results in the most intimate and uniform 
mixing in a very short time. 

A useful piece of apparatus to employ 
in connection with the washer is an oil 
separator. - This is similar in pattern to the 
divider box described on page 154, Fig. 49, 
but it is often made a little larger. The 
object of using this piece of apparatus is 
to separate any oil from the final runnings 
and drainings of “carbolate”’ or “ cresy- 
late,’ a matter of some importance. Any 
oil which may come with the ammoniacal 
liquor, which it is sometimes necessary to 
draw off before commencing a wash, may 
be recovered if a separator is used. 

With the exception of “‘carbolate”’ 
and “‘cresylate”’ storage tanks and tar acid 
storage tanks, which may be of any shape 
and size to suit circumstances, a “‘springing”’ 
tank is the only other piece of plant required 
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Fic. 75.—WASHER BY LEEDS AND BRADFORD 
BorLeR Co., LTp. 


in the sulphuric acid process. The “springing tank’? may be constructed 
of wrought-iron plate, but even if care is used in conducting the process, 
some corrosion of the plates, and, if mechanical agitators are fitted to the 
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tank, cf the agitators, will take place. .Lead-lined iron or wooden vessels 
are more suitable for this part of the process. It is now possible to obtain 
) iron vessels homogeneously coated 
with lead, covered, and provided 

is ss an ee See this 
Pais a ind is very suitable for the “ spring- 


es a 
thea ing’ of carbolate. Covered tanks 
eer y= provided with mechanical agitators 


a are safer to use than uncovered tanks, 
the contents of which are agitated by 
hand. Wooden.agitators are usually 
employed for hand. agitation. The 
shape of a “springing” tank may 
be cylindrical, or like a round- 
bottomed trough, and cylindrical 
tanks may be placed horizontally or 
vertically. If in the latter position, 
and this is really the best, a dished 
or cone bottom should be fitted to 
the tank. This will allow of a better 
draining of the tank from the sodium 
sulphate liquor which separates after 
“springing.” The cock fitted to the 
\ bottom of the tank to run off the 

i contents should be made of acid- 
resisting metal, such as _ regulus 
metal or “ Tantiron,” for preference. 
Some workers prefer to skim the tar 
acids off the surface of the sulphate 
liquor, but this is not so cleanly as 
running first the sulphate liquor and 
then the tar acids from a bottom 
cock. The capacity of a “springing ” 
tank may vary between 1,000 and 
2,000 gallons, sometimes even greater, 
but a good average figure may be 
taken as 1,500 gallons. 

For working the CO, process 
more plant is required than that 
just described for the sulphuric acid 
process, and it is of a somewhat 
complicated nature. In addition to 
the washing tanks, the following are necessary: Two “carbolate” or “ cresy- 
late” boilers, a pump and suction sump, a reaction tower, two dividing tanks, a 






















































Fic. 76.—WasHER By S. H. Jonnson anv Co., Lrp. 
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receiving tank for the tar acids, a receiver for the spent liquor (impure carbonate 
of soda solution), one finishing tank, one acid egg, one furnace for generating CO,, 
a dust separating apparatus and tower for purifying and washing the CO,, and the 
necessary pipe lines and arrangement for removing the water which sometimes 
separates from the gas. The gas may be drawn through the apparatus by the em- 
ployment of a steam jet. According to the requirements of the Alkali Act, the spent 
gas must be purified before passing to the atmosphere. This can be done by passing 
it through one or other of tha well-known purifiers, and then allowing it to escape 
into the chimney stack, or it may be passed over the steam boiler fires, after travelling 
throughaseal pot,as described when dealing with foul gas mains, pages 156, 157, Fig.51. 

Instead of employing a reaction tower, some distillers prefer to put in what are 
known. as carbonating boilers. Of these the number required will vary according 
to the volume of “‘ carbolate ”’ to be dealt with, but it is advisable to erect four at 
least. No large divider boxes, receivers, or pump and sump are necessary if carbonat- 
ing boilers are used. Of course, a pump for removing the spent liquor is required 
in both cases. The CO, is forced through the “ carbolate”’ or “ cresylate”’ via 
perforated coils, by means of a compression pump, and the acids which separate 
are either removed from the boilers by means of skimmer pipes, or the contents 
of the boilers are run into tanks with open tops, and after standing for a sufficient 
time the acids are removed by skimmer pipes. If desired the separation of the acids 
from the spent liquor may be carried out by running off from a bottom cock first the 
spent liquor and then the tar acids. When nearing the line of separation it is wise 
to run the liquid through a small dividing apparatus (p. 154, Fig. 49), thus avoiding 
any loss of acids. 

Dealing with the CO, process, in which a reaction or carbonating tower is used, 
the pieces of plant named will be described in the order given above. 

The “ carbolate ” or “ cresylate ”’ tanks are constructed of wrought-iron plates. 
Second-hand cylindrical boilers, if in good condition, make excellent tanks for this 
purpose. Whether new or second-hand tanks are used the joints must be well 
caulked, or leakage will take place. A hole is cut in the top to admit a 14- or 2-inch 
inlet pipe ; two smaller holes are cut, one for the admission of a 1-inch steam-pipe. 
to which is connected a double-lap closed steam coil, and the other to allow the 
exit of the exhaust pipe of this coil. Both these holes should be at the top of 
the boiler-tank. The manhole and cover are allowed to remain: a manhole is 
sometimes useful for cleaning or inspection purposes. At one end of the boiler 
tank a 14-inch hole is cut, the centre of which should be 3? inches from the bottom 
of the tank, and a 14-inch pipe is fitted by means of a flange. This pipe is to conduct 
the phenolates to the pump sump. A cast-iron gland cock is fitted near the end of the 
pipe to regulate the flow into the sump, and it is wise to fit a further cock a few 
inches from the tank as a safeguard in case of accident. It is a good plan to arrange 
for a steam connection into this pipe in order to assist in removing any obstructions 
which may occur, and provision for the insertion of an open steam end into the 
tank is an advantage. At the opposite end of the boiler-tank a small mudhole 
6 inches by 4 inches is cut. The lower edge of the hole must be as near the bottom 
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as possible, and a casting is riveted on to carry the mud-hole cover. Both tank 
boilers may rest on 14-inch to 18-inch brick cradles, just a few inches above the 
ground level. The capacity of these tanks will vary, of course, according to the 
quantity of tar acids it is desired to make per day. 

The pump may be of any good make, and the delivery vary between 1 inch 
and 14 inches according to circumstances. It is erected a few inches from the ground 
level, in close proximity to the sump. A cast-iron vessel, about 2 feet deep and 
1 foot in diameter, makes a suitable sump ; a wrought-iron steam boiler dome will 
answer admirably. The sump is situated so that the top rises about 3 inches from 
the ground level, and if out of doors a wooden cover should be provided to keep 
out the rain. A few inches of puddle should be put in the hole before placing the 
sump into position. | 

There are two chief types of reaction or carbonating tower: the packed and 
the plate. The latter kind of tower is built up of cast-iron sections, while the former 
is constructed of wrought-iron plates. One of the best designs of plate tower is 
illustrated in Fig. 77. Naturally the size of the tower will vary according to the 
quantity of phenolate it is desired to decompose per diem. It may be approximately 
15 feet high and 2 feet in diameter, the sections being 84 inches deep over all. The 
number of dispersers in each section will vary according to its diameter. In a section 
of 2 feet diameter eight may be put in, the inlets to the dispersers being 14 inches in- 
ternal diameter and the diameter of the disperser hoods 4 inches. Each hood should 
have 12 by 4-inch openings in the circle. Only one internal drain-pipe of 14-inch 
bore is necessary for each section. This pipe should be arranged to allow a seal of 
12 inches of liquid on each plate. It is an advantage to provide an inlet for a steam- 
pipe so that the tower may be steamed out occasionally. The positions of the gas 
inlet and outlet, and also of the outlet for the spent liquor and tar acids, are shown 
in Fig. 77. , 

A packed reaction or carbonating tower is filled with foundry coke, earthenware 
balls, tiles, or one of the numerous patent tower packings. To pack a tower for this 
kind of work with coke is, in the author’s opinion, a mistake ; the coke soon becomes 
clogged and the available reaction surface is thereby much reduced. Often it clogs 
into hard masses, leaving fairly large holes here and there, called “rat holes,’ up 
which the gas travels, coming in contact with only the outside portions of moderately 
thick streams of liquid flowing in the opposite direction. Harthenware balls alone, 
or with small granite chips have given excellent results in the author’s practice. In 
choosing a packing for a reaction tower of this kind, due regard should be given to 
the question of reaction surface ; the greater this is the more rapid will be the de- 
composition. Three-inch earthenware balls with 4-inch hole give approximately 
14-5 square feet of reaction surface per cubic foot of tower space ; 2-inch balls with 
3-inch hole, 23-3 square feet ; and 1-inch balls with no hole, 37-3 square feet. Small 
granite chips, about 1 inch by 4 inch by 4 inch approximately, will give a very 
considerable reaction surface ; about 100 square feet per cubic foot of tower space 
may be taken as a guide. A tower to deal with 2,500 gallons of phenolate solution, 
containing 20 per eent. of tar acids, per 24 hours, would require to be about 13 feet 
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high and 4 feet in diameter, if packed with l-inch balls with no hole, or if 2-inch 
balls with 4-inch hole are used,the height of the tower may be 22 feet and the diameter 
4 feet. If packed with 3-inch balls with 4-inch hole, a height 
of 27 feet and a diameter of 4 feet 6 inches would be necessary; 
or if 4 feet of small granite chips and 18 feet of 3-inch balls 
were used as packing, then the height of the tower could be 
reduced to 25 feet, the 
diameter remaining the 
same. These figures are 
given as a guide, and 
may, ofcourse, be varied 
according to require- 
ments. The wrought- Fro. 78.—Gurney’s Jer 
iron plates of which show |=! aS@una oe ase 
; TING TOWER. 
tower 1S constructed 
need not be thicker than 3 inch ; 4-inch plates 
are often used. If balls and granite chips are 
used together, two perforated plates are 
required, one as a false bottom and the other 
to rest on the top of the balls to support the 
granite chips. If balls are used alone, then 
one plate for the false bottom is all that is 
necessary. The plate for the false bottom 
should be # inch to 1 inch thick with $-imch 
holes at l-inch pitch, and supported on cross- 
bars about 1 foot 6 inches from the bottom 
of the tower, but the top plate need not be 
more than } inch thick, the holes being of the 
same diameter and at the same pitch. Cast 
iron 1s the best metal to use. In the top or 
cover plate of the tower a 4-inch hole should 
be cut for the gas outlet pipe, a hole for a. 
manhole of the usual size, and one for the 
phenolate delivery pipe, which latter leads to: 
a spray arrangement. A 4-inch gas inlet is 
made with the centre at least 5 inches from 
the bottom of the tower, and to this a screwed 
flange is fitted. The end of the gas pipe is: 
sumone «=: Lttroduced through this flange so that 3 or 4 
m | FOR CLEANING PURPOSES = inches project on the inside. An inlet fora 
l-inch steam-pipe to admit steam for steaming 
out the tower occasionally is made with its 
centre about 8 inches from the bottom of the 
Fic. 79.—A CYLINDRICAL CARBONATING : 
Towrr (PacKED TYPE). tower, and in the bottom plate an outlet 
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about 15 inches in diameter is provided for the pipe which conducts the mixture 
of spent liquor and tar acids to the divider tank. The spray arrangement may be 
of the Gurney jet type (see Fig. 78), or built up of a 6-way piece connected to the 
delivery pipe inside the tower,and into which are screwed six lengths of $-inch wrought- 
iron pipe, about 22 inches long, and perforated with 4+-inch holes on the under side 
at a pitch of approximately 5 inches. These holes should be in alternate positions 
when one pipe is compared with the next. Details of the method of packing this 
type of tower, and the arrangement of the pipes, are shown in Fig. 79. 

The divider tanks are made of wrought iron and much larger than those used 
in the tar-distilling plant. They are generally constructed square in plan, and the 
depth nearly twice that of the width. An average size is 2 feet 3 inches by 2 feet 
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3 inches by 4 feet deep, 4-inch wrought-iron plate being used, the seams thoroughly 
caulked, and an angle rim placed outside. In order to promote the forward flow 
of separated spent liquor one divider tank is set about 9 inches higher than the other. 
The pipe to the tar acid receiver which is attached to the first or separating tank 
is of 1-inch wrougnt-iron pipe, and it is connected to a movable syphon pipe as shown 
in the diagram (Fig. 80). The lower tank is really a catch tank, which retains any 
tar acids escaping from the divider, and the pipe from the separating tank which 
leads the separated spent liquor to this tank and also the pipe which conducts the 
spent liquor from the catch tank to the spent liquor receiver are of 14 inches wrought 
iron. Any tar acid which separates in the catch tank, and it should be very little, 
is removed by skimming. Reference to Fig. 80 will give the method of fixing and 
other details. 

A wrought-iron riveted tank, square, rectangular, or cylindrical in shape, may 
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be used for the tar acid receiver. It should be placed near the divider tanks, and, if 
in the open air, covered in, a lid being provided in the cover in order to make inspec- 
tions. The outlet pipe, which is of 1-inch wrought-iron, is with advantage connected 
with a movable skimmer pipe, as generally on standing some spent liquor separates 
from the tar acids and settles to the bottom. In order to facilitate this separation, 
and thus save some sulphuric acid, a closed steam coil may be placed at the bottom 
of the tank and fed with exhaust steam. The tar acids should be kept at a tempera- 
ture not exceeding 75° F. As regards the size of the tank, this will vary according 
to the volume of tar acids it is desired to deal with per day. The tank may be erected 
on the ground level, or raised several inches, according to circumstances. 

The receiver for spent liquor should be of wrought iron, and a good-quality 
second-hand steam boiler answers admirably. It should be placed partly or wholly 
below the ground level, according to circumstances. The hole must be lined with 
well-made puddle before putting the tank in. A manhole with tight cover, a dipping 
pipe which also makes an air vent, and holes for inlet pipe and suction pipe are 

required. The dipping pipe should reach about 9 to 12 
inches above the ground level, and. need be only #-inch 
internal diameter, the inlet pipe hole 14 inches, and the 
suction pipe 2 inches. If the tank is only partly below 
ground, the dipping pipe is not necessary ; a ?-inch hole 
will suffice. 

A lead-lined tank must be put in for the purpose of 
carrying out the finishing operation. The tank may be 
rectangular or square in plan, and built of well-creosoted 
timber, lined on the inside with stout “‘ chemical ”’ lead. 
Five or seven pound lead is quite thick enough. There is 

(fate lank tee PaO TD need to provide for any openings in this tank, as the 

fa finished acids can be most conveniently removed to the 

acid egg by means of an ever-ready syphon (Fig. 81). 

The tank should be placed as near to the acid receivers as possible, and on the 
ground level. 

The acid egg may be constructed of cast iron, wrought iron, or lead. Of the 
three metals, lead is the least likely to suffer from corrosion, but to construct a large 
egg, say, of a capacity of 150-200 gallons, is an expensive matter. Cast iron is 
liable to fracture, and in the author’s opinion a wrought-iron egg will give excellent 
results and suffer very little corrosion if properly managed. There is no difficulty 
in making a wrought-iron egg of large size, and it 1s cheap. If the ends are well 
dished, there is no need to put in a central stay, which is of course necessary if the 
egg is made with flat ends. The egg should be provided with a pressure gauge, a 
satety-valve, a 6-inch circular hole with strengthening ring and draw-up manlid, 
a l-inch air inlet, the pipe just entering, a 14-inch or 2-inch outlet pipe, which should 
reach to within 1} inches from the bottom of the egg, and a l-inch drain cock. For 
the position of the various fittings, reference to Fig. 82 should be made. The egg 
is placed below,ground, immediately under the finishing tank, and a brick-lined 
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sump made under the drain cock as shown in Fig. 82.. When setting the egg, a fall 
of 4 inches in 10 feet towards the drain cock must be allowed. As already mentioned, 
the tar acids are transferred from the finishing tank to the acid egg by an ever- 
ready syphon ; this piece of apparatus is illustrated in Fig. 81. 

The tar acids may be stored in wrought-iron tanks of any convenient shape 
and size: they should be covered in and a manhole and lid provided. A 14-inch 
drain cock of cast iron is fitted on the bottom of the tank, and the cock to be used 
for emptying purposes must be fitted on the side with its centre line 4 inches from 
the bottom of the tank. It should be a 2-inch cast-iron gland cock. Storage tanks 
may be supported on brick or concrete piers, at a convenient height for filling barrels. 
Arrangements should be made for connecting the emptying cock with mains for 
filling railway tanks or tank boats, also for connecting up to a steam supply in 
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Searls ¢ 


order that an open steam end may be inserted into the tank to steam it out when 
it requires cleaning. 

In the CO, process, one of the most important pieces of apparatus is that from 
which the supply of carbonic acid gas is drawn. Sometimes the waste gases from 
the flues of a steam boiler, under which coke is burned, are used, after purifying, 
for this purpose. This method cannot be recommended. The same may be said of 
the method of using waste gases from an ammonia-distilling apparatus. Undoubtedly 
the best plan is to employ a special generator, built just the right size to supply the 
plant with sufficient purified gas when it is working under full pressure. 

_ There are several patent CO, generators put on the market by various makers, 
but it may be preferred to build one’s own generator. Three chief designs of generator 
exist : The flat or dead hearth ; the firegrate, in which the coke is burned on firebars ; 
and the water-bosh or water-sealed generator. In the first type of generator the 
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fuel is fed to the fire at the top, and in burning it rests on the firebrick bottom of 
the generator. A cast-iron door about 18 inches by 10 inches is put in on a level 
with the bottom, on the front of which is an air grid to regulate the admission of air, 
and through which the clinker is withdrawn. The gas is taken off from the top of 
the generator. With this type of generator, trouble often arises with the air regula- 
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tion, the fire burns very unevenly, and during the cleaning or clinkering process 
much unburned coke is withdrawn with the clinker, and the uniformity of the gas 
is upset for an inordinate length of time. The clinker is often considerable. In the 
second type of generator the air regulation is under better control, especially if the 
ashpit is closed by a door on the face of which air grids are fitted. The fire burns 
much more evenly, but unless the bars are water-cooled they are rapidly burned 
away,; even when they are cooled with water, a good deal of trouble is experienced 
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in this direction, and during the removal of the clinker much excess of cold air is 
admitted to the generator. 


The last type of generator is, in the author’s spate te best. Three generators 
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which he designed, and which varied somewhat in detail, both yielded excellent results. 
They gave very little trouble as regards clinker, and no trouble due to excessive 
air admission and its resulting uneven quality of gas during cleaning. The fuel is 
fed in from the top via a hopper and bell valve, and the poking down carried out 
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through poking holes. Ashes, with very little clinker, are removed through the water- 
seal or bosh. The gas is drawn off through a firebrick-lined flue in the side of the 
generator near the top. This flue bends round in such a fashion that the position 
of the exit is at the generator top, and there it is connected with a cast-iron gas 
pipe. Aur inlets are provided at each of the four sides of the generator, and they are 
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made so that the quantity of air can be regulated 
by slides running in frames built in the brick- 
work. The generator is lined with best ganister 
brick ; when working properly, the temperature 
of the generator is so great as to fuse most, 1f not 
all, qualities of firebrick. A staging, supported 
on brackets, is fitted round the top; this is for 
the man to work upon. The generator top is also 
covered with a cast-iron plate. It is advisable 
to strengthen the structure with light backstaves 
and tie-rods. Fig. 83 will show the shape and 
many details associated with this type of generator. 

As the gas leaves the generator it carries with 
it a fair amount of dust, and also impurities such 
as sulphur dioxide and sulphuretted hydrogen, 
together with some moisture. These it is necessary 
to separate as far as possible before the gas enters 
the reaction tower, or if carbonators are used, 
these vessels. The dust must be separated first, 
and then the gaseous impurities, and finally as 
much of the moisture as possible. A dust separator 
may be built in the bottom portion of the washing 
and purifying tower, or erected as a separate 
piece of apparatus. It should be of cast iron. A 


' simple and yet efficacious piece of apparatus for 


carrying out the dust-separating operation is 
shown with approximate measurements in Fig. 84, 
and Fig. 85 shows one built in the bottom of a 
purifying tower. If the dust separator is erected 
as a separate piece of apparatus, it must be placed 
between the generator and purifying tower. In 
the event of a water-sealed CO, generator being 
used, it is a good plan to place the dust separator 


as near the generator as possible. The object of this is to keep the separator hot 
in order to avoid the condensation of moisture, which, if it takes place, will 
convert the dust into mud. It is necessary to remove frequently the dust from 
the separator in order to prevent choking. 

The purifying or washing tower (Fig. 86) is best constructed of cast-iron sections, 
square or round in plan. If round, each section should be about 3 feet in diameter, 
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and if square, about 2 feet 6 inches by 2 feet 6 inches. In either case each section 
should be 12 inches deep. Hach section carries a grid, supported on a ridge cast on 
the section (see Fig. 86). The grids may be of wood or mild steel; the writer is 
inclined towards the use of mild steel, as in his experience the amount of corrosion 
is exceedingly small. Wooden grids eventually become soft and rotten. Mild steel 
grids are best made of $-inch plate drilled with =[-inch holes at l-inch pitch. Hach 
grid should be covered with a layer of limestone chips about 14-inch size, to a depth 
between 5 and 6 inches. A hand hole is made in each section, the lower portion 
of which must be on a level with the top of the grid or tray. The number of sections 
in the tower will vary according to the quantity of gas passing through it per day. 
For a plant burning 800 lbs. of coke per 24 hours, a tower of eight sections 2 feet 
6 inches square will prove quite suitable. 

The bottom section has no grid, but should have a hand hole, and into this 
section the gas enters by a 4-inch cast-iron pipe, the centre line of which is 6 inches 
from the bottom of the section. A 1-inch or 14-inch exit for wash water is provided 
for in the bottom of the section. To the top section is fitted a 4-inch cast-iron gas 
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outlet pipe, and also a l-inch water inlet. The water is distributed over the top 
erid by means of a Gurney’s jet (Fig. 78). In order that the gas pipes conducting 
the purified gas from the washing tower can be cleared of any obstruction which 
may occur—and obstructions have occurred occasionally in the author's experience— 
they are fitted with fourway pieces arranged as shown in Fig. 87, the removal of the 
blank flanges making it easy to shift the obstruction. 

To remove the water which condenses out of the gas (especially in cold weather) 
and settles in the lowest portion of the gas main, the following simple plan devised 
by the author may be used. The gas pipe is allowed a gentle fall until it reaches 
to within about 14 feet from the point of entry into the carbonating tower, or first 
carbonating boiler. A flat U-bend is made in the pipe, and in the lower end of this, 
about the middle, and underneath the pipe, a 3-inch hole is drilled. Into this hole 
is inserted a cork, into which is fitted a piece of 4-inch bore glass tube, bent, as shown 
in Fig. 87. The depth of the U is made so that it just allows the water in it to resist 
the pull on the plant without being drawn out of the tube. Immediately any water 
collects in the gas pipe, it is automatically removed by the glass U-tube without 
the seal being broken and the admission of air. 

A plant of improved design for the recovery of crude carbolic acid or crude 


216 COAL TAR DISTILLATION 


cresylic acid from tar oils by the CO, process, designed by Blair, Campbell, and 
McLean, is illustrated in Figs. 88, 89, 90. Briefly, the working of this plant is as 
follows :— 

The distillates containing tar acids are washed with caustic soda of approxi- 
mately 23° Tw., or recausticised spent liquor, in special mixers, which are designed 
so as to ensure a thorough and complete contact between the two materials with- 
out producing undesirable emulsions. After a thorough agitation the contents of 
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the washers or mixers are transferred to settling tanks, in which the phenolate and 
oil separate, the oil, of course, rising to the top. When separation is complete, say, 
in an hour or two, the oil and phenolate are transferred to suitable tanks to await 
further treatment. | | 

The phenolate solution, or carbolate, is passed into an improved type of decom- 
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posing or reaction tower, of the plate type fitted with bells, and very similar 
in principle to a benzole still fractionating column, where it meets with carbon dioxide 
under pressure, the counter-current system being adopted. The carbon dioxide is 
prepared in a furnace or generator of the water-bottom type, and before entering 
the reaction tower is cleaned from dust and washed free of sulphur dioxide and 
sulphuretted hydrogen in the scrubbing tower shown in the figure. 

The spent liquor or impure carbonate of soda solution, as it leaves the decom- 
posing tower, is run to a storage tank, in which it is allowed to settle for a while 
in order to remove the small quantity of tar acids which occasionally separates on 
standing, and after that period the clear liquor is passed into a Blair vacuum evapora- 
tor and concentrated to the requisite strength for recausticising. On leaving the 
evaporator it is charged into the causticiser, in which it is causticised with lime in 
the usual way, then filtered and run to the strong caustic tank to remain in readiness 
for further duty in the process. 

As the tar acids leave the decomposing tower they pass through separating 
receivers into storage tanks to await further treatment, or in the case of crude 
carbolic acid to be dealt with as described under the refining of this material (see 
pages 241-243). 

The CO, process is dealt with in general from a manufacturing point of view in 
Chapter XI. 

In the CO, process the spent liquor, which is really an impure solution of car- 
bonate of soda, is converted into caustic soda by causticising with ime. The pieces 
of plant required for carrying out this process are: Two or three causticisers, two 
caustic soda tanks, a filter, a pump, and an evaporator. These pieces of plant will 
be described in the order given. 

The causticising tanks are cylindrical and built of wrought-iron or mild steel 
plates. They may be horizontal or vertical ; the latter is the best type to use. Hach 
tank is fitted with a mechanical agitator, an open and closed steam coil, a skimmer 
pipe, a grid or basket made of bar iron, at the topif of the vertical type, and a gate 
or treacle valve having a 6-inch opening on the bottom. They should be erected 
above ground, best on rolled steel joists and stanchions, and above the filter. A 
water supply should be arranged for over each causticiser. 

It is advisable to put in two caustic soda tanks, one for strong caustic soda from 
the causticisers and the other for weak caustic soda or “ weaks ’—the washings of 
the lime mud from the causticisers and the filter. These tanks may be square or 
rectangular in shape, according to circumstances, and constructed of mild steel 
plates, the seams being thoroughly caulked. A suction pipe which can be raised 
and lowered should be fitted to each tank. They should be erected on the floor level, 
as close to the causticisers as possible. 

The filter is situated immediately under the causticisers, and should be of such 
a size that it will hold the lime mud from all the causticisers at the same time. It 
is constructed of mild steel plates, 3 inch to = inch in thickness, and it is best built 
rectangular in plan. The seams should be double riveted and thoroughly well caulked, 
and on one side as near the bottom as possible a 2-inch suction pipe is fitted. Two 
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sets of perforated plates are required: one to form the base of the filter bed and 
the other to cover the top. These plates are of mild steel, + inch thick, and drilled 
with $-inch holes at a pitch of 2inches. The bottom set of plates are laid on Stafford- 
shire blue bricks at a height of 6 inches, arranged in rows 18 inches apart, on the 
bottom of the filter. An excellent filter bed is made by using graded granite 
chips, and a top layer of coke breeze, upon which the other set of perforated plates 
are placed. The thickness of each layer of granite chips and the approximate sizes 
are as follows: On the bed plates a layer of 14-inch to 2-inch chips 4 inches deep 1s 
placed ; then a 3-inch layer of 14-inch to 1-inch chips ; then a 3-inch layer of $-inch 
to #-inch, and then a 3-inch layer of 4-inch and }-inch chips, above which a 2-inch 
layer of coke breeze is placed. To dry the lime mud further than is possible with 
a filter, and to recover the maximum amount of caustic soda in the form of “‘ weaks,”’ 
the employment of a centrifugal machine is necessary. 

Any good pump of the ram type may be connected up to the outlet at the 
bottom of the filter. The pump should have a 2-inch suction, and the glands on the 
water end should be packed carefully with ““ammonia” packing. This packing is 
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Fic. 91.—DIAGRAM SHOWING ONE METHOD OF ARRANGING CAUSTICISING PLANT. 





the least attacked by the weak caustic liquor. The pump not only assists in the 
filtering operation, but pumps the weak caustic liquors, washings, and filtrate into 
the evaporator. A connection with the ‘“‘ weaks ” tank to the pump suction is made 
through a by-pass. 

If considerable quantities of weak caustic liquor have to be concentrated, 
then it is advisable to put in a vacuum evaporator and its appurtenances, using 
exhaust steam as the heating medium. However, this is seldom necessary in a 
tar distillery. The usual method is to cover the bottom of a tank of suitable size with 
a series of coils of 2-inch or 3-inch steam-pipe. A reliable type of steam trap should 
be fitted on the exhaust end of the coils. To get the best results, the “ weaks ” 
must be allowed to stand as long as possible, in order to deposit any lime mud 
suspended in it, as this mud will, if it gets into the evaporator, coat the coils and 
thus-hinder the rate of evaporation. In any case it is as well to clean occasionally 
the steam coils by scraping them, and then washing down. The evaporator is 
erected on rolled steel joists and stanchions for preference, and at a height above the 
ground level which will permit of the concentrated caustic liquor running into the 
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storage tank by force of gravity. Fig. 91 illustrates diagrammatically one method 
of arranging a causticising plant. 

If it is desired to manufacture 95-97 per cent. cresylic acid, then itis necessary 
to submit the crude, as it comes from the carbonating tower, to a process of distilla- 
tion and air blowing. The pieces of plant required to carry. out the manufacture 
of this kind of cresylic acid are as follows: A still charging tank, a mild steel still 
with a fractionating column, a condenser coil and tank, collecting box, water separa- 
tor, bottoms receiver, pitch bay, cresylic and carbolic receivers, acid egg and blowing 
boiler, and foul gas mains. 

It is very convenient to erect the undistilled crude cresylic storage tank at a 
higher level than the still top and in close proximity thereto. By doing so the still 
can be charged by force of gravity, and only one passage through the acid egg is 
necessary ; two would be required if the storage tank is placed at a low level. The 
tank may be of any convenient shape, constructed of mild steel plate, covered in 
and provided with manhole and lid. An inlet pipe and dipping hole are put into 
the top, and the outlet pipe for charging the still is placed on the side, its centre line 
being 4 inches from the bottom. A very convenient diameter for the charge and 
inlet pipe is 2 inches. It is advisable to put a 1-inch drain cock in the bottom of the 
tank, through which any sodium sulphate liquor which separates may be drained 
away. The separation of the liquor may be expedited by keeping the acid at a tem- 
perature of about 70° F. by means of a small steam coil. Every endeavour should 
be made to keep this liquor out of the still. 

A cresylic still is constructed of mild steel plates throughout, and of a similar 
shape to a tar still. The fittings, such as manhole and lid, charge inlet, swan neck, 
safety-valve, tail pipe, etc., are also similar to tar still fittings, and the same may 
be said of the settings, fireplace, flues, ete. The reader is therefore referred to the 
details given under tar stills in Chapters VI and VII. 

As a certain amount of carbolic acid is present in the crude cresylic, and the 
value of the former is generally greater than that of the latter, it is advisable to 
separate these by means of a fractionating column, This piece of apparatus is made 
of cast iron and built up of sections of approximately 2 feet in diameter and 9 inches 
in depth. The size varies somewhat according to the type of column, and the height 
of it, to a large extent, according to the degree of perfection to which it is desired 
to conduct the fractionations. A good average number of sections used in a column 
is fifteen; this includes the top and bottom sections. One of the best types of 
fractionating column is described and illustrated on pages 252 and 258. The tower 
is supported on steel stanchions and joists on a convenient portion of the brickwork 
at the still top. A return pipe is fitted into the underneath portion of the bottom 
section of the tower and inserted into the still top, a U-bend being made in the pipe 
to act as a seal. The bottom section is also connected to the swan neck of the still, 
and an arrangement is made for by-passing the tower, so that during the water 
and cresylic acid stages the vapours can be conducted direct to the condensing worm. 
These various details are illustrated diagrammatically in Fig. 92. It is a good plan 
to arrange that all the sections can be drained after each operation. 
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The condenser coil and tank are similar to those used with tar stills (see page 150) 
and so is the collecting box (see page 154). For the separation of the water and 
tar acids as they run into the collecting box, this piece of apparatus is connected to 
a separator of the same kind as that described on page 154, but it is arranged for the 
water to be removed from the top of the separator and the tar acids from the bottom. 

After a certain portion of the contents of the still have been worked off, the 
residue is allowed to cool a little and then run into a tank, known as a “ bottoms ”’ 
receiver, to be worked up with the “ bottoms ” from other operations when a suffi- 
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TO A CRESYLIC STILL AND ARRANGING A By-PASS. 


cient quantity has accumulated. A horizontal boiler tank makes an excellent _ 
receiver. It is set below the still run off or tail pipe, and is connected up to the 
still by this arrangement. Connection is also made with a pump, or it is arranged 
that the receiver can be tightly closed and then emptied by air pressure. In this 
case it is connected to an air compressor, and an outlet tube is fitted so that it reaches 
to within about 2 inches from the bottom. As the “ bottoms” become viscous 
on cooling, it is advisable to put in a closed steam coil of one lap, built of 1-inch 
wrought-iron pipe, in order to warm them up prior to charging them into the still. 
The receiver should have a manhole and lid of the usual size. 
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The “ bottoms ” are finally worked to pitch, and the pitch is either run off and 
mixed with a big batch of pitch from the tar stills, or else run into a special bay. 
If a special bay is desired, it is constructed in a similar manner to the large bays 
described on page 161, but is, of course, much smaller. A 4-inch pipe is connected 
to the tail pipe of the still for running off the pitch, and by means of a reducing 
T-piece, and the necessary cocks, the “ bottoms ”’ pipe, which is 2 inches in diameter, 
is connected to the pitch pipe. | 

Receivers for the cresylic and carbolic acid may be constructed of mild steel, 
and square, rectangular, or cylindrical in shape. If cylindrical, they may be hori- 
zontal or vertical, and it is a good plan to arrange so that the contents can be trans- 
ferred by air pressure to storage or mixing tanks, in the case of carbolic acid, and 
to an air-blowing boiler for purification in the case of cresylic acid. Square or rect- 
angular tanks are not suitable, if it is desired to remove their contents by air pressure ; 
if they are put in they will have to be connected up to a pump or egg. 

Cresylic acid from the still generally contains sulphuretted hydrogen and other 
sulphur compounds in sufficient quantity to render it foul in smell. It is necessary 
to sweeten the acid before despatching to customers, and this process is carried out 
in a large cylindrical boiler tank, placed in a horizontal position. Along the bottom 
of this tank is fitted a perforated coil of 1-inch wrought-iron tubing, through which 
air is passed during the operation. The top of the tank is connected to a 2-inch foul 
gas main, which, in its turn, is connected with a purifier or a seal pot and ejector. 
In the latter case the gas is burned underneath the steam boilers, and the ejector 
may be employed to draw air through the cresylic acid in the tank by leaving an 
open end on the upright length of the coil, just a little above the point at which it 
enters the boiler. The foul gas may, of course, be drawn through the purifier by an 
ejector and the same method of air-blowing the cresylic acid employed. If an 
ejector is not used, it is necessary to connect the perforated air coil to an air com- 
pressor. It is as well to provide this tank with a manhole and lid of the usual dimen- 
sions. An inlet pipe is also required, and an outlet pipe, to which is fitted a cast-iron 
cock through which barrels are filled. A by-pass should be connected to the outlet, 
so that when it is desired to load the acid into a railway tank wagon it can be run 
into an egg, and then filled into the wagon by means of air pressure. A suitable kind 
of egg has already been described on page 210. 

In connection with the recovery of tar acids, the Peppers’ patent extractor, 
which is manufactured by W. C. Holmes and Co., Ltd., is worthy of notice, and a 
diagrammatic illustration of this plant is given in Fig. 93. 

For the satisfactory manipulation of Peppers’ patent extractor two tanks are 
required to hold caustic soda lye of different strengths-and one tank to hold unwashed 
oil. There are two mixing chambers and separation tanks, one for the extraction 
of crude carbolic acid and the other for crude cresylic acid. Before the extraction 
process is commenced the oil and caustic soda lye are heated to a suitable tempera- 
ture, approximately 80° F'., by means of a dry steam coil in the bottom of each tank. 
The strength of the caustic soda lyes will depend upon whether the tar acids are 
to be recovered by the CO, process or by the sulphuric acid method. In the case of 
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the former they may be approximately 1-115 specific gravity for carbolic acid and 1-125 
for cresylic acid, and of the latter 1-125 for carbolic acid and 1-225 for cresylic acid. 

Unwashed oil from the storage tank and caustic soda lye of the determined 
strength for the extraction of crude carbolic acid are run into the conical-shaped 
device at the mouth of the mixing chamber A, which, as will be seen on inspecting 
' the diagram, Fig. 93, is fitted with a series of sectional plates. The flow of oil and 
lye is controlled by the cocks B and C. 
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Fic. 93.—PEpPrPERS’ PATENT CONTINUOUS EXTRACTOR FOR THE RECOVERY 
OF CARBOLIC AND CRESYLIC ACIDS. 


On leaving the conical mouthpiece the two liquids enter into section 1, which 
consists of a plate with slotted holes at the side, and they splash on this plate and 
run through the slots into section 2, which consists of a plate with a centrally fixed 
hole to lead the oil and soda into section 3, which is similar to section 1. This process 
of agitation continues until the mixture of oil and soda has passed through the whole 
six sections. On leaving the mixing chamber A the two liquids enter the small tank 
D, in which separation takes place. 
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The separated carbolate passes through a small space at the bottom of the cur- 
tain plate E, and then through the cock F, on its way to the carbolate stock tank, 
to await further treatment. 

The partly washed oil flows through the regulating cock G, and is led into the 
second mixing chamber H, along with caustic soda lye from the storage tank con- 
taining that of the correct strength for the recovery of crude cresylic acid. 

The second mixing chamber is of slightly different construction to the first, 
but is practically on the same principle. It consists of a conical-shaped mouth, like 
the one in the first chamber, and flat plates with centrally fixed holes to which are 
fitted small neck pipes on the bottom sides, also three shallow dished pans with 
slotted openings round the edge. These dished pans are placed between the plates. 

The liquids on entering section 1 pass through the central hole into the dished 
pan beneath it, flowing through the opening at the edge on to section 2, where they 
splash together and run through the central hole into the dished pan, as in section 1. 
This goes on through all the sections. On leaving the last section the mixture enters 
the tank J, which is similar in construction to tank D on the crude carbolic acid 
portion of the plant. The separation of the oil and cresylate takes place in this tank, 
the oil flowing through the regulation cock K, and the cresylate under the curtain 
plate and through the cock L, into their respective storage tanks. 


APPENDIX 


WITHIN a recent date a new piece of plant has been put upon the market by the use of 
which tar acids may be extracted from those tar oils which contain them, creosote emul- 
sified with water, and coal tar pitch with coal tar oil. This piece of plant is known 
as the “‘ Premier ’’ Mill, and a reference to Fig. 94 will show that it consists of an outer 
casing which surrounds a rotor “ R.” This portion of the mill is a perfectly smooth 
steel cone which is made to extremely fine limits as regards accuracy. It is fixed to the 
spindle ““SP”’ which is mounted in special bearings, and it works in close relation to a 
fixed surface “CS ” which forms part of the casing, the arrangement being very similar 
to the action of the clutch on a motor-car. The working surface of the rotor ““ RS” is 
arranged so that there is a very fine clearance between it and the surface of the casing 
“CS.” In this arrangement a metal surface rotates in very close proximity to a fixed 
surface at a speed which may be varied between 1,000 and 5,000 r.p.m. The rotor should 
on no account be adjusted so that it actually touches the casing “ CS,” but it can be so. 
regulated that the actual clearance will be anything from three-thousandths of an inch 
to two- or three-hundredths, according to the nature of the work to be done. It is very 
necessary to remember that when the machine is being used with hot material expansion 
takes place. On this account a fine clearance should not be set until the machine has 
become heated up to the temperature of the material which is to pass through it. A 
good rule to remember is: Never use a finer clearance than the job requires, and never 
use a higher speed than is necessary. The rotor is driven by the pulley “‘ P” which is 
mounted on the spindle “‘SP,’’ and the bearings which control this spindle are mounted 
in a micrometer head “‘ MH” which enables the clearance between the rotor and the 
cone “ CS ” to be adjusted to any degree desired. 
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When operating the mill the material to be dealt with is fed in through the inlet 
“1” at a considerable rate ; it then passes through the fine film between the conical 
surfaces, and, owing to the enormous speed of the rotor, the particles of solid suspended 
in the film are rapidly and effectually torn apart. If two liquids, normally immiscible, 
are being passed through the film, their particles become so finely divided that they form 
an emulsion. 

The difficulty of making an emulsion with coal tar oil containing anything like 30 
per cent. of pitch is well known, but with the aid of this mill an emulsion of this nature 
can be obtained very readily, an emulsion which can be diluted with water. 

One of the most important processes which has been made possible by the “‘ Premier ”’ 
Mill is that of preserving timber economically by the use of an emulsion of creosote and 
water.! It has been found that by means of an emulsion of creosote and water it is 
possible to obtain exactly the same depth of impregnation with a fraction of the amount 
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of creosote (depending on the strength of the emulsion used) as is secured in the ordinary 
way when timber is treated under high pressure with creosote oil. At the same time 
this new process is far less expensive. In practice an emulsion containing from 30 to 
50 per cent. of creosote is used, and it is interesting to note that these emulsions are so 
stable that they can be boiled or frozen without change of composition, and when they are 
forced into timber it is found that the emulsion breaks down slowly and uniformly covers 
the whole of the cells of the timber with an even layer of creosote. 

With the ‘“ Premier ” mill it is possible to extract tar acids from tar oil by means 
of caustic soda, owing to the fact that if two or more immiscible liquids be passed through 
this mill, then these liquids are broken down into such an extremely fine state of division 
that the area of contact surface is increased thousands of times. Under this condition 
chemical reaction between the two immiscible liquids is speeded up very considerably. 
In using this method of extracting tar acids the requisite quantities of tar oil and caustic 
soda are run simultaneously into the mill, when the reaction takes place at once, and the 
washed tar oil and carbolate are run away from the plant simultaneously and continuously 
into a tank where separation takes place. There seems great likelihood of the fact that 
benzoles and naphthas may be washed with acid or alkali in this type of plant. 


1 For instance, the ‘‘ Plexosote ’”’ process of Messrs. Burt, Boulton and Haywood, Ltd- 


CHAPTER XI 
RECOVERY OF CARBOLIC AND CRESYLIC ACIDS 


CRUDE carbolic and cresylic acids are a source of considerable income to the tar 
distiller, and in all well regulated works every care is exercised to recover the maxi- 
mum amount of each from the tar distillates in which they exist. These two articles 
consist of mixtures of phenols, chiefly of the monohydric series, of which phenol, 
carbolic acid or hydroxybenzene (C,H;°OH) is the first. The next in the series are 
the three isomeric creosols or hydroxytoluenes (C,H,CH,’OH). 

Phenol occurs in the form of colourless deliquescent prisms which melt at a 
temperature of 42-5° C., and turn pink on exposure to light. It boils at 183° C., 
and can be distilled in a current of steam. According to H. Leroux! pure phenol 
melts at 40-85° C. and boils at 180° C. under 760 mm. pressure. The melting-point 
of phenol is lowered very considerably by the addition of comparatively small 
quantities of water. C. T. Bennett? gives the following figures: Original phenol 
melting-point, 40-5° C.; a mixture of phenol and water containing 13-1 per cent. 
of the latter had a melting-point of 8-5°C.; a mixture containing 16-7 per cent. 
of water melted at 6-5°C.; whilst one containing 21-9 per cent. of water gave a 
melting-point of 2-5°-3-0° C. It is concluded by J. Kendall and J. J. Beaver? that 
to determine the specific conductivity of the cresols and phenol is the best means 
of testing for absolute purity. They give the following constants for the pure 
materials: Phenol, m.p. 39-70°+0-02° C., specific conductivity at 40°C., 11-98 
x 1078, at 50° C., 14:07 x 1078. o-cresol, m.p. 30-60°-L0-02°C., conductivity 0-127 
x10°8 at 25° C., p-cresol, m.p. 34-55°-40-02° C., conductivity 1:378x 1078 at 25° 
C., m-cresol, m.p. 11-10°-L0-02° C., conductivity 1:397 x 1078 at 25° C. 

At 0° C. phenol possesses 2 specific gravity of 1-084, at 18° C., 1-065, and at 33°C., 
1:0597. In ether, alcohol, carbon disulphide, benzene, carbon tetrachloride, tetre- 
chlorethane, glacial acetic acid and glycerine, phenol is soluble in all proportions. 
It is also soluble in the fixed and volatile oils. A mixture of half camphor and half 
phenol crystals liquefies on standing, with a fall in temperature. On account of 
the high molecular depression of phenol and the small molecular weight of water 
2 small percentage of the latter (about 8) renders phenol liquid at ordinary temp- 
eratures. It 1s only sparingly soluble in water, 1 part dissolving in 15 parts of watcr 
at 16°C. Pure phenol readily absorbs water from the atmosphere, and combines 

1 Jour. Pharm. Chem., 1919, 20, 88-91. 


2 Pharm. Jour., 1921, 106, 472-473. 
3 Jour. Amer. Chem. Soc., 1921, 43, 1853-1867. 


226 


RECOVERY OF CARBOLIC AND CRESYLIC ACIDS 227 


with it to form a definite crystalline hydrate having the formula 2(C,H;OH) H,O. 
This compound contains 8-74 per cent. of water and melts at 17-2° C. (Allen). With 
further absorption of water apparently another hydrate is formed, which is liquid. 
It has the formula C,H;0H-2H,O and contains 27-69 per cent. of water. Phenol is 
not readily soluble in water at temperatures much below the boiling-point. At 
ordinary temperatures 100 parts of water will dissolve about 9 parts of pure phenol. 
According to Alexeieff 100 parts of water at 11°C. dissolve 4-83 parts of phenol; at 
35° C. 5-36 parts ; at 58° C. 7-33 parts ; and at 77° C. 11-83 parts. It should be noted 
that the addition of glycerine to the water increases the solubility. Aqueous solu- 
tions of phenol do not react upon blue litmus paper or blue Congo paper. 

On cooling slowly a phenol-water solution containing about 36 per cent. of 
phenol, the phenol passes through a colloidal phase, a condition which has been proved 
by the use of the ultramicroscope. 

Aqueous and alcoholic solutions of phenol give a violet coloration with ferric 
chloride. Phenol possesses the property of coagulating albumen. 

According to Pinette the expansion of phenol for the temperature ¢ at 760 mm. 


Is, V,=1-+0-000834t-+-0-00000010732¢?-+-0-000000004446¢°. 


Kopp, however, gives the following : 
V,=1+0-0006744¢-+-0-000001721¢?-——0-00000000050408:°. 


F. Fischer and H. Schrader! state that when:phenols are heated with “phage 
benzene results. This is shown by the following equations :— 
C,H;0H+H,=C,H,+H,0 
(a) C,H,(CH,) 04+ H,=C,H,;-CH,+H,0 
(6) C,H,-CH,+H,=C,H,+CHy,. 


These workers found that poor yields only were obtained if iron tubes were 
used, but that good yields were obtained with tinned iron tubes. 

According to H. F. Zoller? if phenol is slowly distilled in the presence of tin, 
partial decomposition takes place, some benzene and stannic oxide being formed. 
This worker obtained from 200 grams of phenol, 30 c.c. of benzene. 

Phenol forms compounds with pyridine of the following formule: C,H,-OH, 
C;H;N and (C,H;OH),, C;H;N. Both substances are, however, in a loose state of 
combination. Phenol can be converted into cyclohexanol by the addition of hydrogen 
in presence of a catalyst (nickel). 


(Heo Hees He CsH0, OH! 


To melted phenol contained in a pressure vessel is added one per cent. of reduced 
nickel ; the mixture is then heated to between 100° and 120° C., and treated with 
hydrogen under a pressure of between 10 and 15 kilos per c.m.?, while the liquid 
phenol is violently agitated. 

If phenol in alkaline solution is reacted upon, at a low temperature, with potas- 

1 Brennstoff-Chem., 1920, 1, 4-6, 22-24. 

2 a: Amer. Chem. Soc., 1921, 43, 211-212. Also J.S.C.I., April 30th, 1921, 
p. 253A. 
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slum permanganate, it is converted into oxalic acid and optically inactive tartaric 
acids 

Phenol is used largely in the manufacture of salicylic acid, salol, picric acid, 
phenacetin, resinous substances like bakelite, and many other important materials. 

The three isometric cresols, ortho, meta, and para, occur in commercial cresol 
or cresylic acid, the proportion of each varying in different samples. Schulze gives 
the following average figures: m-cresol, 40 per cent.; o-cresol, 35 per cent. ; and 
p-cresol, 25 per cent. In water the three cresols are only slightly soluble. At 15° C. 
100 parts of water dissolves 2-5 parts of the ortho, 0-53 parts of the meta, and 1-8 
parts of the para. Alcohol and ether dissolve the three isomers with ease. 


TABLE 58 


OP (l-221Cresol: M. [1:3] Cresol. P. [1:4] Cresol. 








M. Pt. (corrected) oe 3°-4° C, 36 9G. 


B. Pt. (corrected) . 190-8°:C. 202-8° C, 201-8° C. 


SHS eR < ; . | 1:0053 at 65° C. | 1-0498 at 0° C. | 0-9962 at 66° C. 


Bromine water converts ortho-cresol into a di-bromo derivative having a 
melting-point of 56° C., and it forms a picrate melting at 88° C. On adding ortho- 
cresol to a solution of ferric chloride in water a violet colour is produced. 

If ortho-cresol in the form of vapour is mixed with a gas containing oxygen 
in the presence of a catalyst (a metallic oxide) it 1s oxidised and yields salicylaldehyde 
and salicylic acid. * 

Ortho-cresol is converted into ortho-oxybenzoic acid (salicyclic acid) if reacted 
upon by alkaline potassium permanganate, and if treated with potassium chlorate 
and hydrochloric acid yields chloroquinones. 

On careful oxidation meta-cresol yields meta-oxybenzoic acid, and if shaken 
with excess of bromine water tribromocresol is produced. This salt possesses a melting 
point of 84° C. It also forms a picrate which melts at 88° C., and gives a blue- 
violet colour to an aqueous solution of ferric chloride. 

On adding to para-cresol an excess of bromine water a tetra-bromo derivative 
is formed possessing a melting-point of 108°, at which point it also decomposes. An 
aqueous solution of ferric chloride is coloured blue if shaken with a small quantity 
of this phenol. No chloro-quinones are formed if para-cresol is reacted upon by 
potassium chlorate and hydrochloric acid. It does not form a picrate. Upon 
careful oxidation with alkaline potassium permanganate para-oxybenzoic acid is 
formed. 

The cresols can be electrolytically oxidised to the corresponding hydroxy acids, 
and according to conditions and the extent to which the reaction is pushed a number 


1eDobner, Ber 18ol nalios. 
2 U.S.P., 1, 380, 277. J. M. Weiss, C. R. Downs and The Barrett Co. 
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of dihydroxy derivatives, condensation products or products formed by the dis- 
ruption of the benzene ring can be obtained. 

Sodium cresol-sulphonate, when mixed with sodium nitrate in the proportion 
of thirty-five parts and sixty-five parts respectively, produces a cheap blasting 
powder. : 

Trinitrocresol constitutes the substance known as cresylite, which is at times 
employed as an explosive, alone or mixed with picric acid (trinitro-phenol). It is 
formed by nitrating meta-cresol (see cresylite tests). 

Owing to the presence of the C,H, radicle in phenol the OH group (hydroxyl) 
possesses weak acid properties (its basic character being somewhat modified). This 
is shown in its behaviour with caustic alkalies, with which it reacts to form phenolates. 
One of these which is of importance to the tar distiller is known as sodium phenate, 
and it is formed by acting upon phenol with caustic soda. It is represented by the 
formula C,H;-ONa, and the reaction is indicated by the following equation :— 


C,H,-OH-+Na0H=C,H,-ONa+H,0. 


The hydroxyl (OH) group in the cresols is also weakly acidic in property, but 
not so strong as in the case of phenol. This is probably due to the modifying influence 
of the CH; group in the C,H,-CH, radicle. By acting upon the cresols with caustic 
soda, cresylates are formed having the formula C,H,CH;-ONa. Ifa mixture of phenol 
and cresols is treated with insufficient caustic soda to combine with the whole, 
then a preference is shown for the phenol owing to its stronger acidic property. 
This fact 1s used in practice in the recovery of carbolic acid from oils which contain 
both phenol and cresols. Sodium phenolate and the sodium cresylates are stable 
in aqueous solution, but are readily decomposed by solutions of mineral acids, 
hydrochloric acid gas, sulphur dioxide, and carbon dioxide; and also, in the cold, 
by sulphuretted hydrogen. 

In the process of recovering tar acids from the distillates which contain them, 
a solution of caustic soda is used as a rule, the strength of which varies somewhat 
according to the kind of acid to be extracted or the process employed. The caustic 
soda is sometimes made at the tar works and concentrated by evaporation, and in 
those works employing the CO, process the manufacture of caustic soda (causticising 
of the spent liquors) is an everyday occurrence. On this account a description of 
the process of causticising soda ash and spent-liquors will be given, before dealing 
with the recovery processes. 

The best quality of soda ash (sodium carbonate) to use is that known as 58 
per cent. alkali. This contains on an average 98-75 per cent. of actual sodium 
carbonate (Na,CO;). In the process of converting this material into caustic soda 
(technically, causticising) quicklime of a high grade is employed; the best lime for 
the purpose is white Buxton lime. Theoretically the reaction which takes place 
is shown by the following equation :— 

i Na,.CO,+Ca(OH),=2NaOH+CaCO, 
106 74(56CaO) 80 100 


In practice it is necessary to use between 10 and 15 per cent. of lime above 
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the theoretical quantity, as the reaction is a reversible one, and, to obtain the best 
results, the soda-ash solution must be as dilute as possible. Using an ash solution 
of 20-22° Tw. (1:10-1:11 sp. gr.), the amount of sodium carbonate causticised will 
be between 95 and 97 per cent. Some prefer to add slaked lime to the ash solution, 
but in the author’s opinion it 1s far better to employ quicklime and make use of the 
heat generated during its hydration to assist in the causticising of the sodium carbonate. 

The process is carried out 2s follows: Water is run into the causticiser until 
it reaches within a few inches of the bottom of the lime grid. Open steam is turned on 
as soon as the coil is well covered, and steam is allowed to pass during the remainder 
of the time of charging, and until the water practically reaches its boiling-point. 
The desired amount of soda ash is added to the water, commencing as soon as signs 
of ebullition appear, care being taken not to add more ash than is necessary to give 
a specific gravity of 1-1] (22° Tw.) at 60° F. It is an easy matter to calculate this 
amount for any size of causticiser, once and for all, from the figures obtained by 
carrying out a small experiment in the chemical laboratory. The ash solution should 
cover the bottom bars of the grid about | inch, and while at a temperature of approxi- 
_ mately 198°F.the lumps of caustic lime should bethrown inte the grid, a fewshovelfuls 
at a time, until the calculated quantity has been added. Let each lot of lime “ break 
down’”’ and wash out of the grid before adding a further quantity, and keep the 
agitator running slowly all the time. For a causticiser containing about 1,200 
gallons this operation should take about 15 to 20 minutes. As soon as all the lime 
has been added, shut off the open steam, put on the closed steam, and increase the 
speed of the mechanical agitator a little. After about 1$ hours it is well to remove 
a sample and test it to see how the causticisation is progressing. It generally takes 
about 14 to 2 hours after the lime has been added to complete the operation. This 
time may be shortened a little if a large excess of lime is used, for instance, 110 lbs. 
of lime to every 100 lbs. of soda ash used. 

When the causticisation is complete, the contents of the causticisers are allowed 
to remain at rest for about 3 hours, and then the clear caustic soda removed by 
a skimmer pipe to the storage tank ; as much as possible of the caustic soda solution 
should be run off. To the mud or sludge is now added some cold water, the volume 
depending upon the quantity ; if 10 cwts. of soda ash have been causticised, then 
about 250 gallons of water will be sufficient. Open steam is turned on and the 
agitator started, and both the passage of steam and the agitation are continued 
until the contents of the tank begin to boil. One hour is allowed for settling, and 
then the clear liquor is run direct to the evaporator, any milky liquor being passed 
through the filter first. A further 250 gallons of cold water are added to the mud, 
and well mixed in by mechanical agitation only, after which about one hour is 
allowed for settling, the clear liquor is skimmed off for evaporation, and the soft 
mud then run on to the filter. The liquid which filters through is evaporated down 
and then added to the strong caustic soda with the other concentrated washings. 
By this method of washing it is possible to reduce the content of actual caustic soda 
(NaOH) to 0-5 per cent. If it is desired to dry the mud further, it may be transferred. 
from the filter to a special centrifugal machine. | 
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Recently a method of dealing with waste lime slurry or sludge from causticising 
plants has been patented and put upon the market under the name of the “ Christie ”’ 
Patent Vibratory Process.1 All those who have had any dealings with the manu- 
facture of caustic soda and the disposal of the caustic sludge will appreciate the 
difficulty of getting rid of this waste material, owing to the fact that it retains with 
great tenacity a very large percentage of water, varying in amount between 42 and 
55 per cent. Material in a state like this is not easy of transport to a tip; there is 





Fic. 95.—LIME SLUDGE COMING AWAY FROM BOTTOM OF 
CHRISTIE PATENT VIBRATORY VESSEL 


a liability of leakage from the tip carts on to the roads, causing road fouling, and 
the consequent imposing of penalties. Also considerable difficulty is found in arrang- 
ing with the owners of tips. to allow such wet material to be dropped upon their land. 

As already pointed out, centrifugals will further dry this material, but will 
not remove the entire quantity of water, and under these circumstances the usual 
place of disposal is the tip. 

There is to a large extent a market for the absolutely dry caustic sludge, par- 
¢ cularly in the agricultural industry, and it is possible by the “ Christie ” process 


1 The plant to carry out this process is manufactured only by Messrs. Ernest Scott 
& Co. of London. 
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to produce an evenly powdered carbonate of lime in a form which makes it not 
only acceptable to the farmer for even distribution on the land, which 1s important, 
but allows the use of mechanical distributors. The discovery was made by Mr. 
H. W. Christie that when caustic sludge is subjected to vibratory influence it is 
converted into a viscous fluid without requiring an additional quantity of water. 
The process is carried out briefly as follows :— 

The sludge is first dehydrated as far as possible by the use of vacuum filters 
(a filter as described on page 219 would be suitable), then discharged into a large 
receiver fitted with the necessary apparatus to produce the vibratory effect. This 
piece of apparatus is surprisingly simple in character and absorbs rather more than 
3-horse power for an output of one ton per hour. At the bottom of the receiver there 
is fitted a suitable orifice, and from this the sludge flows in a continuous cylindrical 
tenacious stream (see Figs. 95 and 96). Immediately upon leaving the orifice 1% is 






RECEPTION VESSEL OR HOPPER 
WITH VIBRATOR FITTED, 














” EXIT OF FLUID 
RIBBON’ 


Fic. 96.—DIAGRAMMATIC ILLUSTRATION OF THE CHRISTIE PATENT VIBRATORY 
PROCESS FOR DEALING WITH SLUDGE PASTES. 


picked up by a belt conveyor of a simple type, upon which it lies and maintains its 
initial formation. The conveyor carries it directly into a cylindrical rotating drier. 
~ 1s Interesting to note that although the receiving vessel is fitted with 
a permanently open discharge, the flow stops immediately the vibratory apparatus 
is shut off. The cylindrical form in which the caustic sludge enters the drier is 
maintained during its progress through that machine until it becomes dry enough 
to bring about complete disintegration, and this fact in itself prevents the undesirable 
condition known as “ balling” taking place. 
The following gives a typical analysis of sludge before and after treatment :— 


Before. After. 

Calcium Carbonate. : 47-0 % 97-62 % 

3: Hydrate : , S20 Nil 
Sodium Carbonate , : O20, 0:82: % 

» Hydrate ; ; 0:50 % Nil 
Alumina and Oxide of Iron . 0:20 % 0:35 % 
Silica d 0-10: %, 0-17, 
Water : : 44-0 % 1-00 %, 





100-00 % 100-00 % 
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Before causticising the “‘ spent liquor,’ which is separated from the tar acids 
at the divider tanks, it is necessary to bring it up to a standard strength by adding 
soda ash. The quantity of ash it is necessary to add is found by submitting a sample 
of the spent liquor to analysis. A good standard to work to is 10 grams of ash 
per 100 c.c. The amount of ash required to bring the “spent liquor” up to 
strength being added, causticisation and the washing of the lime mud are carried 
out in a similar manner to that just described. With reference to the amount of 
lime to be added, the 2uthor has obtained the best results by using 6 to 64 cwits. 
of best Buxton lime for every 10 cwts. of actual soda ash in solution in the “ spent 
liquor.” It is not possible to gauge the strength of the “‘ spent liquor” by means of 
a hydrometer, as it contains impurities which affect the specific gravity. Caustic 
soda for washing out cresylic acid is often made a litle stronger, and this necessi- 
tates reinforcing the causticised “spent liquor” by the addition of some strong 
caustic soda solution, or by evaporation, this latter operation naturally raising 
the content of caustic soda by reducing the quantity of water. Unfortunately, 
evaporation increases the percentage of impurities, and if this gets large the reaction 
between the tar acids contained in an oil and the caustic soda in the liquor is some- 
what retarded. 

Crude carbolic and cresylic acids are extracted from crude naphtha, light oil, 
carbolic oil, or light creosote. The methods of dealing with these distillates before 
extracting the tar acids vary more or less in different works. Sometimes the oils 
are submitted to distillation first, separating into two or three fractions ; at other 
times a portion of the tar acids is washed out of the oils, after which they are dis- 
tilled and the distillates washed for tar acids. Circumstances determine which 
process is carried out and also the number of fractions made, and their cut points. 
Whichever process is used the tar acids are washed out with caustic soda lye, and 
recovered by either the CO, or sulphuric acid method. 

Before the oils are washed with the caustic soda lye they should be allowed 
to settle in the washer for a short time in order +o settle out any entangled ammonia 
water. This material will not only dilute the lye, but as it generally contains am- 
monium sulphide a reaction will take place, resulting in the formation of sodium 
sulphide and ammonium hydrate; the former compound is of doubtful value, for 
if it does combine with certain of the tar acids sodium hydrosulphide is formed. . 
during the reaction, and this means a reduction in the active strength of the lye 
and adds to the amount of impurities which are gathered up during the process. 
During the settling-out process, any oil which separates naphthalene (“ salts out ’’) 
must be kept warm by means of a closed steam coil, and it is also necessary to wash 
this type of oil at an elevated temperature. This temperature must not be too high, 
and if the caustic lye is used hot the same precaution must be taken. If the oil 
or lye is too hot the amount of tar acids extracted is not so great as when 1t 1s warm 
or cold. Also, if the process of interchange is being carried out and the carbolate or oil 
is at too high a temperature there is a tendency for the carbolate to give up some 
of its tar acids to the oil. A good “‘average” temperature to use when washing is 
85° F. It should be borne in mind that the caustic sodalye must not be too strong. 
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The method of interchange is employed in both the CO, and sulphuric acid 
processes. It consists in adding a phenolate containing a little carbolic end much 
cresylic acid, or all cresylic acid, to an oil rich in carbolic acid, when the carbolic 
acid in the oil displaces the cresylic acid in combination with the soda in the 
phenolate, the cresylic acid going into solution in the oil. Interchange takes 
place. 

If the tar acids are to be recovered by the sulphuric acid process, the fresh, or 
“clean,” caustic soda lye used for the purpose of washing an oil is moderately 
strong, varying in specific gravity from 1-150 to 1-225 at 60° F. The specific gravity 
of “clean” lye used in the CO, process varies between 1-110 and 1-140, but that 
from “spent liquor”’ generally has a much higher specific gravity (at times 1-150), 
due to impurities in solution. Sometimes “clean” lye is used to wash a fresh oil, 
and with reference to the amount of caustic lye required, this will vary according 
to whether it is desired to take out the whole of the tar acids or only a portion. By 
testing the oil for its content of tar acids, and using the chemical equation given on 
page 229, or by adding measured volumes of lye to a known quantity of oil until 
no further decrease in bulk takes place, the chemist can determine approximately 
how much lye to use. 

In following through an interchange process, using moderately strong lye at 
the finish, it will be assumed that the phenolate with which it is desired to wash the 
fresh oil stands at a specific gravity of 1-110 and contains 21 per cent. of tar acids 
possessing a crystallising point of 60° F. 

It is not possible to give detailed figures with reference to the amount of phenol- 
ate to be put on an oil; this will vary according to the quantity of oil it is required 
to wash and also with the kind of oil. The amount must, therefore, be determined 
by experiment in the chemical laboratory. After the oil has been washed with the 
phenolate containing 21 per cent. of tar acids, it is allowed to settle for a short time, 
say, about half an hour; the phenolate is then run off to a storage tank, tested, 
and retained for further use. The oil is then washed with another phenolate contain- 
Ing, say, tar acids of a crystallising point of about 58° F. With a good oil the crystal- 
lising point of the tar acids in this phenolate will be probably raised to about 60° F. 
A further settling of the oil and phenolate is allowed to take place and the phenolate 
removed to a storage tank, or if desired into the tank containing the phenolate 
which has in solution the higher crystallising acids. The oil may now be washed 
with another phenolate containing tar acids possessing a crystallising point of, say, 
45° or 50° F. The crystallising point of these acids will probably be increased to 
50° or 55° KF. A settling is allowed, as already described, and the phenolate removed. 
Sometimes the oil is now washed with a strong solution of caustic soda, the specific ~ 
gravity of which may be 1-175 at 60° F. The resulting phenolate is, as a rule, used 
on a fresh oil. If the oil be particularly rich in crystallisable acids, a further wash 
with phenolate may be given before using caustic soda lye; and in this connection 
it is urged that tests be made in the chemical laboratory throughout the whole 
operation of washing. 

The following particulars relative to washing oils for crude carbolic only or 
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for crude carbolic and crude cresylic will no doubt prove useful to the student. 
They are taken from actual works practice. 

Crude Naphtha.—Washed free of tar acids (total extraction): 1,000 gallons of 
oil taken. | 

350 to 450 gallons of caustic soda lye at 22° Tw., or equivalent in active strength, 
if for CO, recovery process, or at 30°-35° Tw. if for sulphuric acid recovery process. 
Resulting phenolate reserved for interchange. 

Inght Oil.—Washing for carbolic only (a): 3,000 gallons of virgin oil taken. 

1st wash.—1,000 gallons caustic soda lye (7-6 grams NaOH in 100 ¢.c.). Resulting 

phenolate sent direct to CO, carbolic recovery plant. 

2nd wash.—600 gallons caustic soda lye (7-6 grams NaOH to 100 c.c.). Resulting 

phenolate sent direct to CO, recovery plant. 

3rd wash.—1,000 gallons weak phenolate off once distilled light oil or off crude 

naphtha or virgin light oil. 

Test resulting phenolate. If phenols low in crystallsing point use 
for interchange on light creosote, if crystallising point suitable run phenolate 
to recovery plant. 

4th wash.—1,000 gallons weak phenolate. 

Resulting phenolate to be used for interchange. 

After the four washes distil the light oil. The distillate, known as “ once dis- 
tilled light oil,” 1s washed with clean caustic soda lye until free from tar acids, and 
the resulting phenolate is kept for interchange purposes. 

2,000 gallons once distilled light oil for washing. 

1,000 to 1,500 gallons caustic soda lye added according to the amount of tar 
acids present. 

Note.—lf using the sulphuric acid recovery process the caustic soda lyes are 
used stronger and correspondingly less in volume. | 

Iaght Oil.—Washing for carbolic only (b): 3,000 gallons of virgin oil taken. 

1st wash.—1,600 gallons weak phenolate off light oil, crude naphtha or once 

distilled light oil. 

Resulting phenolate reserved for interchange. 

2nd wash.—1,600 gallons weak phenolate as used for Ist wash. 

Resulting phenolate to be used for interchange, say, on light creosote 
(or carbolic oil). 

Note.—After this wash treat the light oil as in example (a) 3rd wash, above. 

Inght Ovl.— Washing for carbolic and cresylic (a): 3,000 gallons of virgin oil taken. 

1st wash.—1,000 gallons of caustic soda lye containing 7-6 grams NaOH in 

100 c.c. 

Resulting phenolate sent direct to CO, carbolic recovery plant. 

2nd wash.—b600 gallons caustic soda lye (7-6 grams NaOH to 100 c.c.). 

Resulting phenolate sent direct to CO, carbolic recovery plant. 

3rd wash.—1,000 gallons moderately weak phenolate from interchange carbolate 

boiler. 

Resulting phenolate if crystallising point of tar acids suitable sent 
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to carbolic recovery plant, if erystallising point still too low use for inter- 
change again. 
4th wash.\ Each of 1,000 gallons caustic soda lye at 30° Tw. 
5th wash. J Resulting phenolate sent to cresylic recovery plant (CO, process). 
Notes.—(a) Some distillers prefer to send the light oil to the still with about 
4 per cent. to 6 per cent. tar acids left in, and then wash the once distilled 
light oil as already described. .(b) If the sulphuric acid recovery process 
is used the clean caustic soda lye may stand at 35-40° Tw., and correspond- 
ingly less in volume is required. 
Tnght Oul.—Washing for carbolic and eresylic (b) : 3,000 gallons virgin oil taken. 
1st wash.—800 gallons caustic soda lye (7-6 grams NaOH to 100 c.c.). 
Resulting phenolate sent to CO, recovery plant or to interchange 
phenolate boiler according to crystallising point of tar acids. 
2nd wash.—800 gallons caustic soda lye (7-6 grams NaOH to 100 c.c.). 
Resulting phenolate dealt with as that from Ist wash. 
3rd wash.\ Kach 1,000 gallons caustic soda lye at 30° Tw. 
4th wash. { Resulting phenolate sent to cresylic recovery plant (CO, process). 
Note (a).—Test oil, and if not free of tar acids put on more caustic soda lye 
according to requirements. 
Notes (b) and (c).—See notes (a) and (6) under light oil washing for carbolic 
and cresylic above. 
Middle Oil.—Washing for carbolic only: 3,000 gallons oil taken. 
lst wash.—1,000 gallons caustic soda lye (7-6 grams NaOH to 100 c.c.). 
Resulting phenolate sent to CO, carbolic recovery plant. 
2nd wash. 500 gallons, caustic soda lye (7-6 grams NaOH to 100 c.c.). 
Resulting phenolate sent to carbolic recovery plate (CO, process), 
or 800 gallons caustic soda lye (strength as above). 
Resulting phenolate reserved for interchange on light oil. 
Middle Oil—Washing for carbolic and cresylic acid: 3,000 gallons oil taken. 
lst wash. 1,000 gallons caustic soda lye at 7-6 grams NaOH to 100 c.c. 
Resulting phenolate sent direct to carbolic recovery plant. 
2nd wash.—1,000 gallons caustic soda lye, strength as in Ist wash. 
Resulting phenolate used for interchange on light oil, and then sent 
to carbolic recovery plant (CO, process). 
3rd wash. 1,100 gallons caustic soda lye at 30° Tw. 
Resulting phenolate sent to cresylic recovery plant, CO, process. 
4th wash.—1,100 gallons caustic soda lye at 30° Tw. 
Resulting phenolate sent to cresylic recovery plant (CO, process). 
Note (a).—Test oil to see if it requires any more caustic soda lye. 
Note (b).—If the sulphuric acid recovery process is used, lye of 35° Tw. may 
be used for the carbolic extraction, and 45° Tw. for the cresylic acid extrac- 
tion, and a less volume will be required in each case. 


With reference to manufacturing costs it is not possible to give any but average 
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figures, as the cost of raw materials and labour vary from time to time, and in different 
parts of the country. The average pre-war cost for labour and chemicals to produce 
1 gallon of 60° crude carbolic acid by the CO, process was 1-62d., and if carbolic and 
cresylic CO, recovery plants were worked together the average cost for labour and 
chemicals to produce | gallon of 60°carbolic was 1-48d.,and 1 gallon of 97-99 percent. 
cresylic, 1-60d. The pre-war cost of producing | gallon of tar acids by the sulphuric 
acid recovery process average out at about 4d., this high figure being due to the 
fact that all the caustic soda is wasted, and a larger volume of B.O.V. is required 
than in the CO, process. 

Table 59 gives the results of some works experiments on washing oils which 
may prove useful to students. 























TABLE 59 
Caustic soda 

Carbolic. lye 

Oil. eA Wash. (7°6 gramis 

NaOH per 

Water. Cryst. pt. 100 c.c.) 

Per Cent, Per Cent. Tee Gallons. 
Light oil, 274 —— — —. — 
3000 galls. 22 Ist 14:5 165 1,000 
184 2nd 12:5 67° 600 
15 ord. ean) 60:5° 600 
12 4th 15-0 47-5° 500 
94 5th 15-0 Be x 200 
Crude naphtha, 6 — — — an 
1,000 galls. 0 Ist 14 39-5° —-400 
Middle oil, 20 — — —- oe 
3,000 galls. 15 Ist 14 64° 800 
12 2nd 13-5 5D- 350 
Re-distilled light 22 — — — ag 
oil, 1,550 galls. 16 Ist 14 not at 28° 400 











3 

In all the washing processes care must be taken not to agitate too vigorously 
or too long, as there is a possibility, if this is done, of forming undesirable emulsions 
which may take several hours to separate. Some of the lighter tar distillates, such as 
crude naphtha, once run light oil, and sometimes even virgin light oil are washed 
entirely free of phenolic bodies, and there are cases when even a light creosote 18 
served in the same way. At times, however, virgin light oil and light creosote are 
only partially washed for tar acids and then submitted to distillation. It is sometimes 
preferred to distil the light oil and light creosote previously to washing for tar acids. 
Which of these various methods is used will depend entirely upon the circumstances 
existing in the works. It should be remembered that an oil containing a fair amount 
of naphthalene will deposit that substance in the washer very freely after the tar 
acids have been washed out. 


238 COAL TAR DISTILLATION 


It is found by experience that tar acids assist materially in holding naphthalene 
in solution in tar oils, and this is due to the greater solubility of naphthalene in phenols 
than in coal tar hydrocarbons. It is necessary, then, in cases of salty oils, to keep 
them at a temperature above that at which the naphthalene contained therein will 
crystallise out. As the majority of tar distillers manufacture crude carbolic and 
cresylic acids, it is necessary to run those phenolates which contain tar acids which 
do not crystallise at, say, about 35° F., into special tanks to be worked up for cresylic 
acid. Only those phenolates which contain crystallisable tar acids are used for the 
manufacture of crude carbolic acid. The last wash off the light oils, and generally 
all the washes but the first off ight creosotes, are used for the manufacture of cresylic 
acid. 

The next process is to recover the tar acids from the phenolate, and the method 
used is the same whether the phenolate contains crystallisable acid (carbolic acid) 
or cresylic acid. 

Dealing with the sulphuric acid “springing ”’ process, which generally follows 
the interchange process just described, the phenolate is run into a suitable tank 
and diluted with water until its specific gravity reaches 1-08 at 60° F. It is then 
allowed to rest for an hour or two, in order to allow any oil which may be held in 
suspension in the phenolate to rise to the surface. This oil is skimmed off, as should 
it get mixed up with the crude carbolic acid it will reduce the crystallising point, 
or, on the other hand, should the acids be non-crystallisable (cresylic acid), it will 
probably bring down their value by increasing the amount of impurity in the finished 
product. 

After the oil is skimmed off, sulphuric acid of about 146° Tw. (B.O.V.) is added 
carefully, with thorough stirring. The amount of acid necessary to “spring” the 
tar acids must not be exceeded, and can be found by occasionally testing the contents 
of the “‘ springing” tank with blue litmus paper. When the contents are just acid 
to litmus, after a thorough agitation, they are allowed to rest for from six to eight 
hours. The tar acids are then separated from the sodium sulphate liquor underneath 
by first of all removing the latter through a bottom drain cock, care being taken 
that no tar acid escapes during the operation. The sulphate liquor is run to the 
sewer. When tar acids begin to show, it is as well to allow a further settling of about 
ten minutes or so, or to run a few gallons through a separator. The tar acids may 
then be conducted to a storage tank, and tested for strength, prior to mixing with 
other strengths, or to filling into packages for despatch. 

With reference to the strength of the sulphuric acid used, the author prefers 
to dilute the B.O.V. to about 110° Tw. and to keep the phenolate at a specific gravity 
of 1:10 at 60° F. If too strong an acid is used to “ spring”’ the phenolate, there is 
a risk of the sodium sulphate crystallising out in the “ springing”’ tank during the 
settling period, and if this takes place it will make it very awkward when the time 
comes to carry out the separating operation. Strong acid is also lable to act upon 
the phenols, forming sulphonic acids; these bodies being undesirable in either 
crude carbolic or cresylic acids, as they split up during the refining operation when 
the material is distilled. The tar acids should be allowed to rest in the storage 
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tanks for two or three days, in order to settle out any entangled sulphate of soda 
liquor. This is necessary in the case of both carbolic acid and cresylic acid. 

f¢ is desirable to clear the storage tanks occasionally of the soda sulphate 
liquor and sometimes crystals which settle at the bottom. Should crystals form, 
it is as well to steam the tanks out by inserting a temporary 1-inch steam main into 
the tank. 

Carbolic acid is sold in various qualities, such as 40’s, 45’s, 50’s, 60’s, ete., and 
it is possible by a process of mixing to “ build’ up any desired quality, either from 
the phenolates or the “sprung” carbolic acid. A very simple calculation will give 
the approximate volume required. The mode of calculation as used on ‘ sprung ”’ 
acid is shown in the following example: Suppose in one storage tank there are 
200 gallons of 55’s carbolic and in another tank a quantity of 45’s acid. It is required 
to convert the 55’s into 50’s carbolic ; then— 


200 x 55+045 = 50 (200+) 
z(45—50) = 200 (50—55) 
—x5 =—1,000 
1,000 Be 
Le pg =200 gallons of 45’s acid are required. 


In the CO, process the oils are washed with a caustic soda lye of a strength 
sufficient to absorb, in the case of carbolic acid, an amount which, when the phenolate 
is tested, will correspond to about 15 per cent. of the phenolate, and in the case of 
cresylic acid about 20 per cent. The caustic soda as obtained from the causticisers, 
if the process is carried out properly (see page 230), will be of sufficient strength 
to yield a phenolate contaming 15 per cent. approximately of tar acids, and, as 
already mentioned on page 233, if the lye 1s to be used for the recovery of cresylic 
acid, it must be reinforced with a little strong caustic soda made with the 77 per cent. 
solid caustic soda or with the electrolytic liquid. The interchange method may be 
used in the CO, process of recovery, but a little more care is necessary in carrying 
it out. 

Before washing the oils, it is absolutely essential to allow any ammonia water 
to settle out. This is necessary, as 1¢ not only reduces the percentage of active 
agent (caustic soda) in the lye by dilution, but also by combination with the sulphur 
which exists in the ammonia water as ammonium sulphide, sodium sulphide being 
formed. It appears, from the results of a number of experiments made by the 
author and others,that part of this sodium sulphide is converted into sodium sulphate 
during the progress of the phenolate through the plant. 

In the process under consideration, the phenolate is ““ sprung,” or decomposed, 
by carbon dioxide (CO,), which is contained in the gas prepared in one of the furnaces 
mentioned in Chapter X, page 211. The phenolate passes down the “ springing ” 
or reaction tower, over the packing or plates, and the gas from the purifying tower 
containing the CO, entering the bottom of the tower and travelling in an upward 
direction, comes into contact with the finely divided phenolate and decomposes it. 
It is unwise to pass phenolate through the tower containing less than 15 per cent. 
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of tar acids, and the rate of pumping to the top of the tower should be between 
14 and 24 gallons per minute. This speed will vary according to the type of tower 
used and the richness of the gas passing up that tower. It is advisable to use a gas 
containing not less than 19 per cent. of CO,, by volume. Cases frequently occur, 
however, where it is not possible to obtain a gas containing more than 15 to 17 
per cent. of CO, and in these cases it is necessary to reduce the speed of the pumping 
to somewhere in the neighbourhood of 1% gallons of phenolate per minute. It is 
very advisable to test the spent liquor as it runs from the separator, to find the 
percentage of tar acid it contains. The maximum amount allowable for a plant 
working perfectly is 0-5 per cent., and should this amount be exceeded, then it is 
time to look round the plant to see whether the gas is poor in CO, owing to the 
furnace wanting recharging, or the charge burning hollow, or due to leaks in the 
gas main, or whether the speed of the phenolate is above that which it should be. 
The waste gas leaving the springing or reaction tower must not contain more than 
21 per cent. of CO,. Care must be taken to prevent oil getting into the reaction 
tower with the phenolate, and time must be allowed for this to separate in the 
phenolate boilers. 

The temperature of the gas as it enters the reaction tower is a matter for con- 
sideration. In passing through the dust separator and purifying tower it 1s cooled 
to a large extent, but if its temperature be too high or too low the efficiency of the 
plant will be reduced ; a satisfactory temperature is round about 100° to 110° C. in 
the summer. time and about 140°C. in the winter. If, however, the carbolate is 
warmed before passing to the tower, during the winter months, then the gas tempera- 
ture can be that used in the summer time. 

In an important paper! on the decomposition of carbolates and cresylates by 
CO,, C. J. Denbigh finds: (1) That all the cresols are more easily liberated than 
phenol. (2) That the cresols only differ slightly, m-cresol being the most easily 
liberated, o-cresol the least easily. These results agree fairly well with the other 
known combining powers of the cresols. (3) That in the case of both phenol and 
cresols the decomposition 1s more complete when warm, and that the rate increases 
more rapidly with all the cresols than with phenol. 

Two papers,” dealing with the loss of phenol contained in the waste sul- 
phate liquors of the sulphuric acid process of “springing’”’ carbolate, are worthy 
of the attention of the student. In order to keep the reaction tower in good working 
order, it should be steamed out at intervals of about eight weeks. 

With reference to the manipulation of the CO, furnace, it is advisable to charge 
this piece of apparatus about every four hours, or even more frequently with some 
types of furnace, and in all cases to see that. hollow places do not occur, and that 

1 “The influence of Temperature on the Decomposition of Sodium Carbolates and 
Cresylates by Carbon Dioxide, J.S.C.I., Novemker 15th, 1918, p. 306T. 


*» “Some Observations on the ‘Springing’ of ‘Carbolate’ and the recovery of 


Phenol from the resulting Aqueous Liquor,” H. M. Dawson, J.S.C.I., June 15th, 1920, 
p. (oi: 


‘** Phenol losses in the Decomposition of Phenate Liquors, ” B Hardman, Chem. 
Trade Jour., April 30th, 1921, p. 561. 
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Fic. 97.—DIAGRAMMATIC ILLUSTRATION OF BuarR’s PROCESS FOR REFINING CRUDE CARBOLIC ACID. 
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the contents of the furnace are kept compact. This, of course, can be done by regular , 
inspection, and, if a defect is found, using the poker intelligently. The coke should 
not be too large, about a size which will pass through a 14-inch to 2-inch riddle or 
sieve. It must be of the best quality, as free as possible from water, sulphur, and 
clinker. In some works the gas containing carbon dioxide is produced in a small 
limekiln, the lime from which is used to causticise the spent liquors (impure sodium 
carbonate). 

The tar acids and spent liquor leave the reaction tower at the bottom and are 
conducted to the two dividers (see Chapter X, page 209), and here the tar acids 
are separated from the spent liquor, the latter running to storage boilers, and the 
former to settling receivers. The tar acids are allowed to stand in these receivers for 
several hours, to settle out entangled spent liquor, and then run into the finishing 
tank in measured quantities, for treatment with a small amount of sulphuric acid. 
It is necessary to use this acid, owing to the fact that a complete decomposition of 
the phenolate does not take place in the reaction tower. The acid should be added 
carefully, with thorough agitation, until the mixture changes a blue litmus paper 
red. In this operation the acid not only decomposes the remaining phenolate, but 
assists in the removal of some of the water. It is advisable to use a B.O.V. of about 
140° Tw. in this operation. 

After the sulphuric acid has been added, it is as well to carry out a laboratory 
test for the erystallsing point, if crude carbolic is the quality under treatment, and 
in any case for the percentage of water.. Should the latter be above 15 per cent. it 
will be necessary to add a little more sulphuric acid to the contents of the finishing 
tank in order that it may be reduced. When the desired result is obtained, the 
phenols are best removed to a storage tank by syphoning over into a blow-boiler 
and transmitting by compressed air. 

With reference to the finishing of cresylic acid, it 1s necessary to remove as 
much water as possible before transferring to the storage tank or the still charge 
tank. The reason for this is that water 1s a difficult material to contend with during 
the process of distillation. If care be used, a large quantity of the entangled water 
may be removed by the use of sulphuric acid in the finishing tank. 

After the carbolic acid has been allowed to remain in the storage tank for a 
short time, it 1s ready for despatch, and is either barrelled direct from the tank or 
else pumped (or, better still, transmitted by compressed air) into railway tanks or 
tank boats. Of course, it is necessary that a careful test be made in the chemical 
laboratory to determine the crystallising point and other constants of the acid before 
it is despatched, and it is also advisable to keep two large samples, say, of a pint 
each, in case a dispute arises between the buyer and the seller. The specific gravity 
of crude carbolic acid varies between 1-050 and 1-065. 

Fig. 97 illustrates in a diagrammatic manner a method of refining crude carbolic 
acid as carried out successfully by Messrs. Blair, Campbell, and McLean, Ltd. The 
process consists essentially of four stages: Ist, Cleaning; 2nd, Fractionating ; 3rd, 
Freezing; and 4th, Finishing. 

First stage.—In cleaning the crude earbolic acid (called liquor for convenience) 
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it 18 first pumped. into stills with concave bottoms, holding a working charge of 
approximately 500 gallons. Each still is provided with a fractionating column, 
which is filled with Reschig tubes. The vapour outlet on the top of the column is 
connected to a 2-inch vertical pipe, and to this is attached a 2-inch coil of six rings 
with an.outside diameter of 26 inches. This coil at its base 1s divided into two pipes, 
one which lIcads to a condenser coil, through which the non-condensed vapours 
travel and become condensed, finally reaching a receiving tank, and the other to 
a separator trap which catches the condensed liquor from the coil, or air-cooled 
dephlegmator, and returns it through a U-pipe to the top of the column; and in 
falling from this point to the still the returning condensate scrubs the vapours as 
they rise through the column. 

The distillation of the liquor is carefully conducted, the still working at a rate 
of approximately 60 gallons per hour, and the distillate is allowed to flow into the 
strong liquor tank or receiver until a crystallising point of about 60° I. is reached. 
At this point the flow of the condensate is diverted to a second receiver called the 
weak liquor tank. 

The pitch still, which deals with the residue left in the cleaning still, 1s 5 feet 
in diameter and 4 feet in depth with a convex bottom and a 2-inch run-off hole in 
the centre. It 1s jacketed on the bottom and half-way up the side, steam being 
the source of heat. The still charge is worked over through the condenser into a 
receiver under vacuum, and when no further liquor runs from the condenser the 
operation is stopped, the residue in the still run off through the bottom outlet into 
the pitch tank, and the distillate run back into the weak liquor tank. 

Second Stage.—In this stage the distillates obtained during the first stage are 
submitted to fractionation in vacuum fractionating stills, of which there are two, 
No. 1 for the strong carbolic acid, and No. 2 for the weak. The contents of the 
strong liquor tank (1st stage) are pumped into No. 1 vacuum still, which, like No. 2 
still, is steam heated, and the fore runnings, called the water distillate, passed on 
to a “water tank” for the purpose of ‘salting.’ From the change-over point until 
the carbolic distillate reaches a crystallising point of 80° F., the condensate is allowed 
to flow into the carbolic receiver, but when this point is reached it is turned into the 
second or weak carbolic receiver. All the weak liquors crystallising under 60° F. 
(1st stage) are pumped into No. 2 vacuum still and submitted to distillation, the first 
condensate constituting all that which crystallises over 60° F. running into No. 1 
still, whilst the second portion of the distillate, that which crystallises under 60° F., 
is returned to the same still, the balance flowing into the cresylic acid receiving tank. 
The cresylic acid is pumped into a small fire-heated still, akin to a tar still, about 
5 lbs. of powdered red lead per 100 gallons of acid added, and then “cleaned” by 
submitting it to a distilling process, the distillate being conducted into casks and the 
residue run into a tank, from which it is pumped into the pitch still included in thé 
plant of the first stage of the process. 

Third stage.—This is essentially a freezing and separating process. The strong 
carbolic liquor crysiallising at any point over 80° F. is pumped from the carbolic 
receiver of No. 1 vacuum still (2nd stage) into a mixing tank provided with a mechani- 
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cal agitator. When this tank is charged with the carbolic liquor 10 per cent. of water 
is added, and the mixture stirred thoroughly. The phenol hydrate which is formed 
is run down into cast-iron freezing boxes, which lie in long wood tanks ; there are 
twenty boxes to each tank. Cold brine, at a temperature of 20° F., is then allowed 
to flow into the wood tanks and is kept circulating through them for at least twenty- 
four hours, the actual time varying according to the season of the year. The crystals 
of phenol which form in the boxes are separated from the mother liquor and then 
scooped out and charged into a centrifugal machine for the purpose of removing 
a further quantity of this hquor. The mother liquor from the crystallising boxes, 
etc., is run into a liquor drain tank and from this vessel pumped into the strong 
liquor tank of the first stage plant. 

Fourth stage.—This stage constitutes the finishing process. After centrifugal- 
ising the crystals are removed from the machine and charged into a melting tank 
fitted with a steam coil. When the charge is quite liquid it is pumped into a finishing 
still of a very similar design to the still used in the first stage, the most important 
difference being the use of silver for the construction of the vapour pipe from the 
separator trap and the condenser coil. This is very necessary in order to prevent 
any discoloration of the acid. The still charge is worked off slowly, the distillate 
running into thickly galvanised tanks to each of which is fitted a zinc run-off tap. 
From these tanks the refined carbolic acid is run, through a glass funnel, into suitable 
vessels. If iron bottles or steel drums are used they must be thoroughly galvanised, 
and well cleaned before use, otherwise the acid will become discoloured. 

It is policy before submitting cresylic acid to distillation to allow a further 
period of time for settling, to enable any entangled acid liquor to settle out, which, 
should it get into the still, would injure it, and also spoil the pitch. Furthermore, 
the distilled cresylic acid would not be improved by the sulphurous acid set free 
during the distillation. When the cresylic has settled sufficiently long, it is charged 
into the still, the fire lighted, or if producer gas is employed, this is turned on and 
ignited. The heat may be increased rapidly until such time as the dome of 
the still begins to get hot, when it is advisable to slacken the temperature of the 
furnace and work carefully until water and tar acids appear at the worm end. 
The rate of distillation must be carefully regulated, in order to avoid any risk of 
a boil-over. A mixture of water and tar acids come over first, and this separates, 
after leaving the collecting box, in the separator described on page 221. If 
the cresylic acid has been carefully prepared, there will be very little oil in the 
first runnings. These first runnings consist to a large extent of poor carbolic acid, 
but in cases where the still is provided with a good fractionating column, it is possible 
+o obtain a fair percentage of a moderately good carbolic acid. When a fractionating 
column is used, it is essential that no distillate be passed into the column until water 
‘discontinues. Immediately this takes place, then the by-pass is thrown out of gear 
and the vapours conducted into the fractionating column. The point at which the 
distillate is changed over from carbolic acid to cresylic acid must be determined 
for each particular batch of acid as it undergoes the course of distillation, and the 
chemist.should receive samples occasionally. A usual method is to catch the carbolic 
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acid fraction into barrels, and then change over to the cresylic acid receiving tank, 
cutting out the fractionating column at the same time by means of the by-pass. 
Some prefer to work each still charge to pitch, but this is a dangerous proceeding 
as a rule, the risk of burning the plates of the still beg very great. It is far better 
to work several charges up to a determined point, running off the bottoms each time 
into a bottoms storage tank, and when sufficient has accumulated, to make up a still 
charge and submit to a re-distillation. Ifthe bottoms are particularly rich in cresylic 
acid, it may be necessary to run off again into a bottoms tank, and so proceed until 
they become very viscid, when the final distillation is made with the object of working 
to pitch. The method of procedure must be determined by the chemist, or manager 
of the works, for his particular quality of cresylic acid. Care must be taken in 
working to pitch that the distillation is not carried too far. To over-run the point . 
when pitch is formed will produce either pitch coke or an intermediate product 
which may be termed spongy pitch ; the latter material is dangerous, as it 1s exceed- 
ingly lable to spontaneous combustion immediately the still manlid is removed, and 
it is also difficult to remove from the still. Pitch coke, on the other hand, is not liable 
to spontaneous combustion, but it has to be chipped out of the still, and during 
its formation the plates may become badly burned. Cresylic acid pitch is not of 
much value alone, and is generally mixed with the large quantities of coal tar pitch 
in the bays. 

A 1,500-gallon charge of well-settled cresylic acid, if worked to bottoms and 
not pitch, will take about 24 hours to finish. The total yield of crude carbolic acid, 
possessing a crystallising point of about 46° F., will approximate 9 per cent., that of 
98 per cent. quality cresylic acid 60 per cent., water 8 per cent., and bottoms 23 per 
cent. A mixture of bottoms, when distilled, will yield approximately 80 per cent. of 
cresylic acid, the balance being pitch and loss. 

The cresylic acid as obtained from the still is not ready for sale. Distilled 
cresylic acid contains H,S and other sulphur compounds, which give to it a very 
unpleasant odour, and it is necessary to remove these objectionable compounds 
before placing the acid upon the market. To remove these compounds the distilled 
cresylic acid is air blown in the special tank described on page 222. The cresylic 
acid is transferred from the receiving tank, either by a pump or compressed air, 
to the air-blowing tank. Air is now passed into the acid by means of an air com- 
pressor, or else drawn through it by a steam ejector. The foul air must be dealt 
with according to the Alkali Act, and therefore should be “ burned” or passed 
through purifiers, and not allowed to escape into the atmosphere. As regards the 
length of time required to free the cresylic acid from sulphur compounds, nothing 
definite can be said, but as a guide to the learner, an average figure of three days 
may be taken. It is necessary for the chemist of the works to rig up a testing 
apparatus and submit samples occasionally to a very simple test, as described in 
Chapter XXIT under cresylic acid tests. 

Crude cresylic acid is usually sold on the basis of 95 per cent. or 97 to 99 per cent. 
of tar aeids, and it is necessary for the chemist to test each batch as finished for this 
content. The impurities will, of course, consist chiefly of (a) oil, (b) naphthalene, and 
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(c) water. The specific gravity varies somewhat, generally being between 1-042 and 
1-055. 

If bromobenzene is heated in a closed vessel with dilute sodium hydrate solution 
under a pressure of twenty atmospheres, sodium phenate is produced. Ifthe solution 
of this material is acidified, a phenol of high purity is obtained.! 

Phenol can be manufactured by heating chlorobenzene and sodium hydroxide 
solution under high pressure in an autoclave.” In this process the two materials 
are pumped under a pressure of 2,500 to 3,000 lbs. per square inch through a coil 
of hydraulic pipe, which is immersed in a bath of melted sodium nitrate kept at a 
temperature of about 370° C. By the use of this coil, which acts as a high-pressure 
autoclave, the process may be made continuous. The sodium phenoxide is discharged 
from the coil through a regulated needle valve, condensed, and then acidified with 
hydrochloric acid, which throws up the phenol. This is separated, distilled, and 
treated in the usual way. 

According to F. Fischer and H. Tropsch and P. K. Breuer? it is possible to 
recover phenols, such as phenol-cresols and xylenols, from coal tar oil fractions by 
the use of sodium sulphide solution. Their process is based upon the following 
equation :— 


C.H,OH+ NaHS=C,H.ONa+H,§, 


and briefly it 1s carried out as follows :— 

The tar oil is boiled with sodium hydrosulphide after it has received a pre- 
liminary treatment with a little sodium sulphide or an alkaline solution, to remove 
impurities which prevent the extraction of phenols by this process. The hydrogen 
sulphide which is evolved is employed to separate the phenols from a previous 
extraction (the equation given above is reversible, hydrogen sulphide liberating 
cresol from sodium cresylate if passed into it in the cold). After removing the phenols 
which are set free, the sodium hydrosulphide remaining can be used for treating 
more tar oil. 

H. P. Hird! proposes to extract tar acids from coal tar oils by running or spraying 
a solution of caustic soda into the vapours generated during distillation, the process 
to take place between the still and the condenser coil. The liquid which condenses 
is run into a receiving tank and the sodium carbolate or cresylate allowed to sink 
to the bottom. 

t is concluded by F. Fischer and 8. Hilpert® that it is possible to separate 
cresols from tar oils by heating these oils to as high a temperature as possible, under 
pressure, with more than its own weight of water. The water takes up a portion of 


1 U.S. Pat. 1,274,394, August 6th, 1918, appl. July 10th, 1916. See also J.S.C.L., 
June 30th, 1919, p. 405A. 

NS Brown, Jour. Ind. Eng. Chem., 1920, 12, 279-280. See also J.S.C.J., June 15th, 
1920, p. 397A. 

3 Brennstoff-Chem., 1922, 3, 1-3. See also J.S.C.I., February 28th, 1922, p. 134A. 

4 Eng. Pat. 125, 445, August 2nd, 1916, appl. 10, 855, 1916. 

5 Ges. Abhandl. zur Rennuus de Kohle, 1917, 1, 267-268. 

Chem. Zentr., 1919, 90, 11, 616-617. 
. See also J.S.C.I., August 15th, 1919, 528A. 
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the cresols, and when the pressure 1s released and the temperature reduced, separa- 
tion takes place. | 

A method of purifying cresylic acid is suggested by H. C. Hamilton.t His 
process is to dissolve crude cresol in a solution of sodium hydrate of equivalent 
alkalinity, and then add sufficient water to dilute the reaction mixture to such that 
it will contain about 25 per cent. of sodium cresylate. It is necessary to work with 
dilute solutions, otherwise some of the cresol will be lost in the process. The dilute 
solution is either boiled, or live steam is blown into it, until all the volatile impurities 
have been removed. It is necessary during this process to replace any water which 
may become evaporated. The boiled or steamed solution is allowed to cool, and if 
any oil separates upon the surface it 1s skimmed off, whilst should any naphthalene 
remain unvolatilised this is removed by filtration. The cresylic acid is recovered 
by decomposing the cresylate with sulphuric acid, the amount added being just 
equivalent to the alkali originally used. The cresol which separates is dealt with in 
the usual manner. 

Some years ago the author carried out some experiments with a view to purifying 
cresols, which are somewhat similar to that just described, and which gave good 
results. The cresylate was diluted to about 15° Tw., and warmed up to a tempera- 
ture of approximately 100° C., and a current of air led through it. Properly con- 
trolled, the whole of the naphthalene and other impurities was driven off, and there 
was no loss of tar acids. 

Some time ago, when. working upon cresols with the object of finding new 
methods of producing water-white cresylic acid, the author attempted to use alu- 
minium condensers and also aluminium stills and fractionating columns, but found 
that this metal was entirely unsuitable for the purpose. The condensing coil after 
a time began to leak, and on examination it was found that the cresol had dissolved 
the metal in various spots, making small holes about <5 inch to ;*, inch in diameter. 
In one case in which an experimental still constructed entirely of aluminium was 
used, the bottom gave way in a similar manner after about three-parts of the volume 
of the cresol had distilled off. Experiments conducted under partial vacuum gave 
the same results. 

Wilhams and Seligman? found that alummium was corroded by phenol even 
in the absence of moisture. 

Recently Dr. A. F. Campbell,? of Messrs. Hardman and Holden, Lid., Man- 
chester, has evolved a method for the separation of practically pure meta- and 
para-cresols from crude carbolic acid. The process of separation of the two isomers is 
based upon a preferential sulphonation and finally a fractional crystallisation of 
the ammonium salts of the two sulphonates. 

The most satisfactory and favourable conditions for a preliminary separation 
of these two isomers by preferential sulphonation may be summarised as follows : 


1 Jour. Ind. Eng. Chem., 1920, 12, 50-52. See also J.S.C.I., March 15th, 1920. 

* J .S.0,15 1917, 409-515: 

> Jour. Ind. Eng. Chem., 1922, 14, 732-737. See also Chem. Trade Jour September 
Ist, 1922, pp. 252-255. See also J.S.C.2., September 15th, 1922, pp. €614-662A. 


RECOVERY OF CARBOLIC AND CRESYLIC ACIDS 247 


(1) It is essential that the crude product be a mixture of meta- and para-cresols 
containing no phenol and only a small percentage of ortho-cresols or the xylenols ; 
(2) it is necessary to carry out the sulphonation at alow temperature, preferably at 
40° C.; (3) concentrated sulphuric acid, preferably 96 per cent., and less than the 
theoretical amount necessary for complete sulphonation; and (4) the process of 
sulphonation is allowed to continue for six hours. Under these conditions only 
mono-sulphonic acids are formed. 

Taking a fraction which consists approximately of 60 per cent. of meta-cresol 
and 40 per cent. of para-cresol, the proportions used in sulphonation are as follows : 
To 100 grams of the mixed cresols are added 37-5 grams of 96 per cent. sulphuric 
acid, and the reaction mixture heated to, and kept at, a temperature of 40° C. for 
six hours. 

The reaction product 1s poured into water, and, in order to remove non-sul- 
phonated cresols, the solution is, when cold, extracted with benzene. The extracted 
solution contains a mixture of meta- and para-sulphonic acids, of which about 
80 per cent. 1s the meta-compound. 

These sulphonates are converted into their respective ammonium salts, and then 
subjected to fractional crystallisation. The para-salt is more soluble than the 
meta-salt ; for instance, at 20°C. 100 grams of water dissolve 19-17 grams of the 
para-salt against 10-84 grams of the meta-salt. The meta-cresol sulphonate is decom- 
posed by adding half its weight of sulphuric acid and the resulting meta-cresol- 
sulphonic acid split into meta-cresol by the use of steam. The product obtaincd 
is of a purity of 98 to 100 per cent. The para-cresol can be obtained by re-sulphonat- 
ing the residue from the first sulphonation process, using its own weight of 96 per cent. 
sulphuric acid. The sulphonated portion will consist of a mixture similar to the first 
sulphonation, but the residue will contain about 80 per cent. of para-cresol. This 
residue may be further purified by dissolving it in an excess of caustic soda solution, 
removing the hydrocarbons by the passage of open steam, and finally recovering 
the cresols from the sodium cresylate by onc or other of the usual methods. The 
cresylate which separates is then frozen under vacuo and drained, and a product 
finally obtained with a meta-cresol content of 6 to 7 per cent., and a crystallising 
point of 22-7° C., which is equivalent to approximately 89 per cent. of para-cresol. 


CHAPTER XII 


PLANT FOR THE RECOVERY OF BENZOLES, 
NAPHTHAS, ETC. 


THE plant necessary for the production of benzoles and naphthas is complicated, 
and the designs used by distillers and manufacturers of plants are numerous. It 
is not possible to describe them all in this book, and therefore the subject is dealt 
with in a more or less general manner. 

It is necessary before the light oils are worked up into what are termed “ once 
run’ products that they should be washed free from tar acids and pyridine. Washers 
for the recovery of tar acids are described on pages 201 to 203, and will not need 
a second description here. With reference to the removal of pyridine, this is carried 
out in washers made entirely of cast iron, cast iron lined with lead, or wrought iron ; 
mild steel is frequently used in place of the latter. These pieces of apparatus must 
be provided with an agitator, and the necessary gearing to manipulate it. The 
agitator may be of the archimedean screw type or of the paddle type, and in the 
latter case horizontal paddles should be used in preference to vertical ones. The 
author considers the archimedean screw or the typhoon (paddle) types of agitators 
the best kinds to employ. A vertical washer must be covered in at the top, and 
should be made with a cone or dish-shaped bottom. An outlet for running off the 
pyridine acid and acid tar should be placed at the apex of the cone, or the lowest 
portion of the dish bottom, and connected up to lead piping, which, in its turn, is 
connected to an acid-resisting metal valve constructed of regulus or Narki metals. 
The position of the washer may be such that it is not necessary to use lead piping 
at all, but simply to connect the valve direct to the bottom. Paddle agitators of 
the horizontal type have the shaft running through stuffing boxes, and care must 
be taken that these are of a good make, otherwise there will be considerable trouble 
in connection with leaking. This type of agitator is not recommended by the 
author. 

Wood is the best material to use to cover in the top of a vertical washer, but 
cast iron, wrought iron, and mild steel are sometimes employed. Let in through 
the cover of the washer is a charge pipe, an acid supply pipe, a water pipe, and 
also an inspection hole with a wooden cover. With reference to the water pipe, 
the author prefers to water-wash the contents through the inspection hole, using — 
a piece of flexible hose. By this means the sides of the washing tank can be washed 
down with water before any agitation is carried out. The advantage of this will 
be discussed in the next chapter. A few inches above the bottom of the washer an 
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outlet pipe is attached, through which the washed oils are passed into storage tanks 
or to the stills. 

Some tar distillers prefer horizontal washers, but in the author’s opinion these 
are not nearly so satisfactory as the types just described. It is not so easy to run 
off the acid tar and pyridine acid from a horizontal washer, or to wash the sides 
down thoroughly. Furthermore, the draining of the pyridine acid and acid tar 
cannot be carried out so completely. It is absolutely essential to erect washers in 
an elevated position, and the best results are obtained if the height is such that the 
washed oils can, be run by force of gravity into the storage tanks or still. 

There are many works in which one washer is used for both the acid and the 
soda washes. This is not advisable, as there is a great risk of spoiling the oil during 
the soda wash. It is far better to erect two washers of the same size and constructed 
on the same plan, and use one for the acid and first water-washes, and the other 
for the soda and final water-washes. The acid tar is run to waste, and the pyridine 
acid into a receiving tank, which is also often used as a storage tank. As the acid 
tar is often almost solid, it 1s best to let it run into open-ended tubs or other suit- 
able receptacles for treatment before disposal. When a lot of pyridine acid has to 
be dealt with and it is desired to work it up for crude pyridine, it is advisable to put 
in storage tanks—lead-lined wooden tanks are most suitable. Fuller details of these 
tanks will be given in the chapter dealing with the plant for the working up of pyridine 
acid for pyridine. | 

Broadly, there are two kinds of still used in the process of recovering benzoles 
* and naphthas from tar oils. These are known in tarworks’ terminology as “ blow- 
over” stills and rectifying stills. The former type may be subdivided into fire- 
heated and steam-heated. In the case of light oil, and often with crude naphtha, 
the ‘“‘ blow-over ”’ still is fire-heated, and in many cases it is not provided with a 
fractionating column, although it is a decided advantage to fit such a piece of 
apparatus to the still. Another type of “ blow-over”’ still is steam-heated, and in 
most cases this kind is used immediately before working the oils through a rectifying 
still. Steam-heated ‘“ blow-over”’ stills and rectifying stills are always provided 
with fractionating columns, and generally with dephlegmators. 

Fire-heated ‘“‘ blow-over”’ stills are built similar in shape to a tar still, and 
are constructed of 4-inch mild steel plates. The bottom is built concave, with a rise 
of approximately 2 feet 6 inches from the horizontal. To the bottom is riveted a 
channel plate, and this channel plate is also riveted to the shell of the still. It is advan- 
tageous to construct the bottom of the still of sketch plates or segments, and connect 
these to a circular crown plate on top. The dome of the still is built with a rise, 
the height of which will vary according to whether the dome is to carry the fraction- 
ating column or the fractionating column is to be supported upon joists. In the 
former case a rise of about 3 feet is necessary for a 9-foot diameter still, but in the 
latter a rise of about 12 inches for the same diameter is all that is requisite. From 
the point of view of safety in cleaning or repairing a still, the method of supporting 
the fractionating column on the dome of the still cannot be considered an ideal one. 
To remove the last traces of benzole or other similar vapours from a fractionating 
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column is not easy, and the risk of a down-draught of vapour taking place exists. 
The still should be provided with a tail pipe and run-off tap, a safety-valve, a trial 

or overflow tap, and an inlet stool, to which is connected the charge pipe. A man- 

hole and lid must also be provided. If the fractionating column is not supported 

on the dome of the still, it 1s necessary to provide a cast-iron swan neck and 

connections, in order to conduct the vapours from the still to the fractionating 

column. 

With reference to the fractionating column, this may be constructed either 
of cast iron in the form of segments, or of mild steel, and is cylindrical in shape. 
Its diameter will vary a little, but average diameters may be taken as 2 feet 6 inches 
and 3 feet. In the case of cast-iron columns, each segment will have a perforated 
plate fitted into it, or cast on it and then drilled. Mild steel columns are fitted with 
a series of brackets from top to bottom, on which are supported the perforated plates 
(see Fig. 98). These plates should be roughly about 9 inches apart, and are per- 
forated with +-inch holes at a pitch of Linch. There is also one hole having a diameter 
of 4 inches cut in each plate. The plates are 4-inch thick, and in the case of a mild 
steel column its thickness may be 23-inch. If the still 1s exposed to the weather, 
a mild steel column is the best to use, as 1t 1s less lable to crack owing to atmo- 
spheric conditions, such as rain falling on the column during the time that it is 
working. Better results are obtained if the column is surrounded by a draught 
screen, built, say, of corrugated iron sheet ; in fact, this method should always be 
adopted in cases in which the still is erected in the open. At the top of the column 
a cast-Iron vapour outlet is fitted, and this 1s connected in turn to the vapour 
pipe. 

With reference to the setting of this type of still, the method given under the 
setting of tar stills on pages 137-145 will give the most suitable results. 

Steam-heated blow-over stills (Fig. 98) are constructed of mild stcel plate of 
a thickness varying between 32-inch and 4-inch; sometimes 32-inch plates are used 
for the shell and 4-inch for the ends in the case of horizontal stills. The best types of 
steam-heated blow-over stills are of the horizontal pattern. With reference to the 
size of this type of still this will vary considerably according to the amount of material 
which is to be dealt with, but a good average 1s 9 feet in length and 7 feet 6 inches in 
diameter. The still is fitted with a casting, to which the run-off pipe is connected ; 
also an inlet pipe stool; a l-inch to 1#-inch open steam-pipe inlet, to which is con- 
nected a perforated steam-pipe ; steam chests ; a series of 14-inch to 2-inch wrought- 
iron tubes for closed steam—these tubes being covered at each end by the steam 
chest covers. They can be withdrawn with comparative ease, and should one give 
way it can be very easily replaced without causing much delay; a manhole of 
extra large size, provided with a draw-up manlid. Two manholes are better, as the 
additional one makes it far easier to clear the still of vapours prior to conducting 
repairs ; a safety-valve ; and also a gauge of the glass tube or else of the refraction 
type, in order to indicate the level of the liquid in the still. Sometimes this kind 
of still supports the fractionating column ; in this case a vapour dome, fitied with a 
baffle, is usually placed near the fractionating column and connected to it by a piece 
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of cast-iron pipe. Fig. 98 illustrates one way of doing this. The fractionating 
~ column should be light and preferably made of wrought iron or mild steel of about 
2-inch thick ; in fact, the same type of fractionating column as that already described 
for fire-heated blow-over stills may be used. The number of plates contained within 
the fractionating column may be between 18 and 22. 

If it 1s desired to do away with the vapour dome and bafile, a swan neck made 
of cast iron may be used in its stead to carry the vapours into the fractionating 
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column (see Fig. 99). The bottom of the column is connected to a wrought-iron 
return pipe of 2 inches in diameter, bent in the form of a U-seal, or, if straight, 
extending almost to the bottom of the still. If a cast-iron column is used, it is 
advisable to support it on stanchions and joists, but it may be connected either with 
a swan neck or vapour dome and baffle to the still, as desired. It is necessary to 
support this type of still on cradles. These may be of cast iron or built of brick or 
concrete ; the author prefers cast iron, as in his experience these have given the 
most satisfactory results, 
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Fractionating stills are generally of the horizontal type, constructed of 3-inch 
to 3-inch mild steel plates, and provided with fittings of a similar kind to those 
described for steam-heated blow-over stills (see Fig. 99). 


Fig. 100 shows diagrammatically a Blair, Campbell, and McLean benzole still 
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Fic. 99.—FRACTIONATING STILL AND CoLUMN. 


of latest design. The still is constructed of mild steel with dished ends, thus dis- 
pensing with a tie rod. Ii is fitted with a charge cock, safety-valve of the spring 
type, a manhole and lid of the draw-up type, a sight glass, thermometer, one run-off 
cock and two sets of closed steam coils. A special feature in regard to these coils 
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is the ease with which they may be withdrawn from the still when any repairs are 
necessary, without dismantling the still. 

Attached to the still direct, but supported by brackets which rest on joists on 
an upper floor, is a rectifying column composed of cast-iron sections. Each section 
carries two plates supported on brackets cast on the inside, and one plate which is 
supported on the flange of the section and constitutes part of the joint between 
one section and another. The plates are provided with overflow pipes, so arranged 
that a constant level of liquid is maintained, and are fitted with serrated bubbling 
hoods. 

On the top of the rectifying column is placed a dephlegmator of the tubular 
type, which is fitted with water inlet and outlet, drain cocks, thermometer, and 
vapour pipe. It is so arranged that the water surrounds the tubes through which 
the vapours are passing. 

Connected to the dephlegmator by means of the vapour pipe is a special piece 
of apparatus known as a rectifier, which is supported on brackets resting on an upper 
floor, or on joists, and which is of the vertical tubular type, in which the vapours 
surround the tubes whilst the cooling water flows through them. The bottom of 
the rectifier 1s connected to a return pipe, which is provided with a U-seal and which 
enters the rectifying column at the top section. Connected to the top of the cylindri- 
cal portion of the rectifier, just under the cover plate, is the vapour pipe which con- 
ducts the vapours to the condenser. I¢ is in the rectifier that a further quantity of 
the higher distilimg compounds are condensed, thus purifying the vapours which 
are ultimately to constitute the distillate. 

The condenser is of the coil type, and it will be noticed on referring to the 
figure (100) that the coil gradually diminishes in diameter from the top to the bottom. 
This is to allow for the larger volume of vapour in the top coils than in the lower 
ones and is a good principle. Also if < expresses the ratio between the surface 
exposed to the cooling water and the volume of the coil (r=the internal radius of 
the coil), then the smaller the radius of the coil the greater the relative surface 
exposed. The condenser tank is provided with the usual water inlet and outlet. 

To the coil end is attached a pipe upon which is fitted an observation glass, 
and just beyond this piece of apparatus union is made with the necessary receivers. 
Kach receiver is cylindrical in shape, covered in at the top, and provided with an 
air cock and inspection hole. There are also fitted to each receiver a sight glass 
and a run-off cock. By adopting covered-in receivers the dangers of loss of volatile 
material and that of fire are avoided. 

Another type of discontinuous rectifying still is illustrated in Fig. 101. There 
are several differences between this piece of plant and the one illustrated in Fig. 100. 
The still itself is vertical in position or of the pot-still class, the dephlegmator is 
dispensed with, and the condenser is tubular instead of the coil type. 

Reference to the diagram will show how the steam-heating tubes are arranged 
on the still bottom, and also the position of the other fittings. 

The rectifying column is built up of cast-iron sections, in which are suspended, 
at regular intervals, trays, which are fitted with bubbling hoods and overflow pipes. 
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The latter determine the seal for the bubbling hoods, which are so arranged that 
thorough and intimate contact is assured between gases and liquid. The condensed 
vapours pass back to the still. via these overflow pipes. The bells or hoods are so 
proportioned that the correct velocity of the ADOT, is assured, and also the maxi- 
mum deformation of the vapour bubbles. 

The rectifier consists of a number of copper tubes surrounded by an outer 
jacket, and the arrangement of the inlet and outlet for vapours is such that these 
surround the tubes whilst water passes through them. The condensate from the 
rectifier 1s returned to the top section of the rectifying column by means of the 
usual U-bend pipe. 

In construction the condenser is very similar to the rectifier, only it is much 
longer. The vapours to be condensed in this case pass through the tubes and the 
water flows round them. 

With reference to the fractionating column, there are a number of types, and 
it 18 not possible to describe every one of them in this book. Ifit is desired to produce 
ordinary naphthas and benzoles, a fractionating column containing about 22 plates, 
and having the last six segments water-cooled, will prove quite suitable, but, on the 
other hand, if it is required to produce benzole, toluole, and xylole, 95 per cent. dis- 
tilling over within between 3° and 1°, it is necessary to connect the fractionating 
column with a separate piece of apparatus known as a dephlegmator. This apparatus, 
together with condensers, is described later. 

Very great care must be taken in choosing a fractionating column for a rectifying 
still. In the opinion of the author the ordinary perforated plate does not give such 
good resuits as those plates which are fitted with special dispersing arrangements, 
or as those columns which are filled with certain types of packing. Perforated plate 
columns require a considerable amount of attention in the matter of speed of work- 
ing, and their limit of flexibility is comparatively small. For efficient fractionation 
the holes in the plates must be very small and close together ; the pressure of the 
vapour underneath each plate must be greater than the static head of the liquid 
above, or else the liquid on the plate will drain away ; the pressure of the vapour 
must not become unduly high, or the still operated too fast, as this produces the 
tendency to lift the seal of liquid off the plate and thus destroy efficient scrubbing 
action by destroying good contact between vapour and liquid; the plates must 
be in a perfectly horizontal plane or else the liquid will run to the lower side of them 
and destroy the seal on the higher side, and the column must be protected against 
atmospheric conditions as it is sensitive to changes in temperature. 

Columns fitted with plates of the bubbling hood or cap and seal type are not 
anything like so troublesome as those containing perforated plates, and are very 
much more efficient. A column of this type is described on page 258, and illustrated 
in Fig. 99, page 252. The flexibility of this kind of column is comparatively great, 
it can be worked at several speeds without losing efficiency ; it is not so sensitive 
to changes in steam pressure or variations in atmospheric conditions ; and owing 
to the greater depth of liquid on each plate, and on account of the design of the 
openings of the hoods or caps, and their closeness, the bubbles of vapour are deformed 
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as they escape through the openings, and by impact during their passage through 
the seal of liquid scrubbing of the vapours is carried out more efficiently. 

Among the packed columns of to-day may be mentioned those filled with 
Raschig, Prym, Goodwin, or Lessing rings. The Raschig ring is simply a piece of 
thin walled tubing of equal length and diameter, the Goodwin ring is “shaped in 
the fashion of two hollow truncated circular cones, united at their smaller diameter, 
at which part both the interior and exterior junction points are rounded and smoothed 
off, leaving a unit of substantially the same external shape and internal section as a 
dice-throwing box; but, of course, open at both top and bottom.” The Lessing 
and the Prym rings have a kind of central partition, and on this account they offer 
a larger contact surface without materially increasing the obstruction to the passage 
of the vapour and liquid in the column. 

The following particulars of Lessing rings! will no doubt, prove useful to the 
reader :— 

A fractionating column can be constructed in a very simple manner, by taking 
a plain mild steel cylinder, fixing a grid near the bottom and then filling up with 
the rings n irregular arrangement. A column 25 feet high and 3 feet in diameter 
will require a grid made of 1 inch by + inch iron bars placed on edge with 1-inch 
spaces between them. The bars may be arranged either parallel or concentrically. 
The object of building a grid in this fashion is not to constrict the upward flow of 
vapour and downward flow of liquid at this point, and thus counteract the advantage 
of free space within the rings themselves. The contact surface is large, 1-inch 
rings giving as much as 70 square feet per cubic foot of column space. Whilst the 
rings may be regarded as small stills as far as the vapour space is concerned, the large 
contact surface is chiefly responsible for the excellent fractionating results obtain- 
able. Fractionating efficiency is increased further, due to surface tension effects of 
liquid forming films along the points or lines of contact between adjoining rings. 
These films act as more or less effective seals, which are broken by the ascending 
vapours (to be formed again), and thus ensuring intimate contact and interchange 
between the liquid and vapour phases. This action amounts to a very considerable 
bubbling effect, which is increased or decreased with the rate of drip of condensate 
(reflux). 

The amount of column space occupied is small, l-inch rings occupying only 
7 per cent., leaving 93 per cent. free space for gas or vapour and condensate (reflux). 
This is conducive to reducing back pressure to a minimum, and also permits the 
use of columns of much smaller dimensions than those usually employed. 

The design of the Lessing ring ensures a very high degree of turbulence by 
reason of the frequent deflection of vapour and condensate streams. Neither will 
go unbaffled in any one direction for a longer distance than, say, 1 inch. By this 
is ensured the almost complete release of vapour from solution in the condensate, 
and close cuts in fractionation are made possible. 

The rings, being made of metal, effect a rapid heat exchange between vapour 
and condensate, and consequently an even distribution of heat throughout the 

‘1 B. Pat., 139,880, 1919. 
Ss) 
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column. It is contended that “‘ channelling” is practically absent when these rings 
are used, owing to the regularity in the shape of the rings and the irregularity of 
their arrangement, resulting in an even distribution of liquid and vapour over the 
whole cross section of the column. 

The following particulars relating to Lessing rings may be of use to the reader :— 


Size of ring ; 7 ; : pe Palbtig eee fii Zin, tin. 
Number per litre : 40 90 310 700 =. 2,500 
Surface per litre insq.cm. . , 2;200° 2,800 “435150 ~5,300. ~ 8,250 
Number per cu. ft. . } : . 1,100 2,600 8,800 20,000 71,000 
Surface percu. ft. . 70 85 126 163 252 
Volume occupied, per cent. of tower space 7 8 9 hil 14 


As to which is the most suitable column, the packed or the bubbling hood and 
seal, is a matter of divided opinion at present. The risk of “ channelling ”’ exists 
: | in the packed column, and if it occurs the 
efficiency of the column is lowered by a 
reduction in the amount of contact be- 
tween liquid and vapour. Metal packing 
rings, however, assist in the scrubbing 
action by conducting away the latent heat 
of vaporisation, which is set free when 
} condensation of the higher boiling pro- 
: : ducts takes place and they enter the 

Fic. 102.—Lessine Rives. reflux liquid, and transferring it to the 
cooler portion of this liquid which it assists 
in vaporising. Figs. 102 and 103 illustrate the Lessing ring. 

One of the best types of fractionating column which the author knows of is 
shown diagrammatically in Fig. 99. This column, like most of the columns used for 
fractionating stills, is built wp of cast-iron segments. The number of these segments 
will vary, of course, according to the degree of fractionation desired. If a dephleg- 
mator is used, a column constructed of between 18 and 22 segments will prove quite 
suitable, but if it is desired to do without a dephlegmator, it is advisable to build the 
column of between 25 and 30 segments; the use of a dephlegmator is preferable. 
The diameter of each segment may vary between 2 feet and 2 feet 6 inches, and the 
over-all depth between 84 and 12 inches. The plate is cast on to the body of the 
segment, and the top of the plate is about 3 inches below the top of the segment. 
Each plate is provided with eight or more inlets, which conduct the vapours from 
the lower half of the segment. Over each of these inlets a cast-iron hood or disperser 
is placed ; this disperser is beehive in shape, and has twelve openings 4 inch by 
4 inch, as shown in Fig. 99. There are provided also two overflow outlets, to which 
are connected overflow pipes. The method of arrangement will be seen on referring 
to Fig. 99. The bottom segment of the column has cast on it a vapour inlet of 
4 inches in diameter, and this is connected by a swan neck to the still. There-is also 
cast on this segment a 2-inch connection, to which the return pipe is fitted. The 
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return pipe is passed into the still, and should reach almost to the bottom, or else 
be bent in the form of a U-seal, as shown in the figure. The top section of the column 
has a vapour outlet stool cast on it, which may be 2 inches in diameter ; to this is 
connected the vapour pipe, which will lead either to the condenser coil or to the 
dephlegmator. Ifthe column is not connected to a dephlegmator, it is very advisable 
to water-jacket the top six or eight sections. Should the column be connected 
to a dephlegmator, it is necessary to provide the top section with an inlet hole, to 
which is fitted the return pipe from the dephlegmator (see Fig. 99). This return 
pipe is made in the form of a U, with one limb longer than the other, in order to 
provide a seal of liquid to prevent the vapours from entering the bottom portion 
of the dephlegmator. 
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Dephlegmators vary in construction, some being cylindrical, and others square 
or rectangular in shape. All of these types will give excellent results, but only the 
cylindrical shape will be described. It consists of a mild steel cylinder, its diameter, 
as a rule, varying between 2 feet and 2 feet 6 inches and its length between 7 feet and 
8 feet. Inside the cylinder, about 1 foot 6 inches from each end, are riveted two plates, 
into which are fitted a large number of copper tubes of similar diameter (between 
3 and 1 inch). Through these tubes a flow of water is maintained, and the vapours 
from the fractionating column pass round the tubes, the heavier vapours being 
cooled and returning to the fractionating column via the U-shape return pipe Just 
described (see Fig. 104). The dephlegmator is therefore provided with a vapour 
inlet at the top, which enters just underneath the top tube plate, and a vapour 
outlet near the bottom, just above the bottom tube plate. A return pipe is also 
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fitted near the bottom, just above the tube plate. Water is introduced through the 
inlet fitted to the bottom of the dephlegmator and leaves by the outlet at the top. 

After the vapours leave the dephlegmator, or, when this is not used, the fraction- 
ating column, they are conducted to a condenser. This condenser may be constructed 
of wrought-iron tubing, arranged in a number of laps placed in a cylindrical tank, 
or, especially in cases where a dephlegmator is used, of a cylindrical vessel inside 
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of which are riveted top and bottom plates drilled with holes into which a number 
of tubes are fitted, very similar in fashion to the arrangements just described under 
dephlegmators. If it is desired to fit up a condenser coil of the usual type, it is 
advisable to have it made in one length of wrought-iron pipe. The diameter may 
vary a little, but one of 2-inch diameter is usually adopted and found quite suitable. 
The total length of the tube will vary, of course, according to the condition of the 
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water supply and the rate at which it is required to work the still. With a still 
working at an average speed of about 70 gallons per hour, 180 feet of 2-inch wrought 
iron pipe will be quite sufficient. The over-all diameter of each coil may be 4 feet 
6 inches to 5 feet, and the distance between each lap should not be less than 4 inches. 
At least 4 inches must be allowed between the outside of the coil and the inside of 
the condenser tank, and the top lap of the coil should be covered with about 6 inches 
of water when distillation is in progress. 

The condenser tank is cylindrical in shape and fitted with water inlet and outlet 
pipes, drain cock, etc., as described on page 153. This incoming water must be 
released at the bottom of the condenser tank, and is best distributed so that severe 
eddy currents are not set up and the mixing of the cold water with the hot water 
in the tank is avoided. Connected to the condenser is a divider box of exactly the 
same pattern as that described on page 154 (Fig. 49). The outlet from the divider 
box, however, is connected up to several l-inch pipes by means of T-pieces, in order 
to conduct the various fractions to their respective receivers. 

Receivers are best when of comparatively small size, cylindrical in shape, and 
constructed of mild steel plates, the seams being well riveted and caulked. They 
must be covered in at the top and provided with a connection for the inlet pipe, 
an inspection hole fitted with a tight lid, an air outlet or air cock, a run-off cock, 
a drain cock, and a sight glass. As a rule receivers are connected directly to the 
storage tanks. It is a wise plan to put in one or two spare receivers, in order to 
be in readiness should occasion demand a special fraction or fractions. 

Storage tanks may be square, rectangular, or cylindrical in shape, according 
to convenience. In all cases they should be covered in and provided with a run- 
off tap, and also drain cock, through which any water which may settle out can 
be removed. 

In order to avoid fires from the discharge of static electricity it 1s recommended 
to ground all apparatus by means of copper wires which must be securely fastened 
to both the apparatus and a ground wire. 

Pipe lines to carry the crude and finished materials are best of wrought iron ; 
those for dealing with sulphuric acid, pyridine sulphate (pyridine acid), acid sludges, 
etc., should be of lead. Any flange joints should be made with a good jointing 
material, and the author can strongly recommend a substance called “‘ Permac,”’ 
which will produce a rustless metal-to-metal joint, quite proof against acids, steam, 
and solvents, and which presents no great difficulties when occasion requires a joint 
to be unmade. 

The following notes dealing with condenser coils and heating coils will, the 
author hopes, be of use to students and others. It is not possible to deal fully with 
the matter of design of these pieces of plant in this book, and for full details the 
interested reader is referred to the books and papers mentioned in the Bibliography 
at the end of this chapter. 

In the function of cooling as applied to condensing distillates there are two 
periods, (a) that during which the vapour is condensed to the liquid state, and (6) 
that during which the liquid is cooled to a temperature below which it is readily 
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volatilised on standing. In the design of condensers sufficient attention must be 
given to the factors which will produce satisfactory results in both these periods, 
and the second period must be considered important and not partially neglected 
as 1s sometimes the case. The vapour pressure of the condensate must be reduced, 
as loss by evaporation is accentuated considerably if the liquid is at a temperature 
close to its boiling-point. 

It is not a simple matter to calculate the size of a condenser as many factors 
are involved, and some of them are of uncertain magnitude. Robinson! tabulates 
the various factors as under :— 


1. The amount of heat which must be removed by the condenser in condensing 
the vapour. 
. The amount of heat which must be removed by the condenser in cooling 
the condensed vapour. 
3. The amount of vapour entering the condenser from the fractionating column. 
4. The amount of inert gas or other non-condensable vapours present in the 
vapours entering the condenser. 
5. The temperature of the vapour entering the condenser. 
6. The temperature of the non-condensable gases leaving the condenser. 
7. The temperature of the condensed vapour leaving the condenser. 
8. The amount of cooling liquid available. 
9. The temperature of cooling liquid available. 
10. Temperature at which cooling liquid should leave the condensing system. 
11. The velocity of vapour by the cooling surface. 
12. The velocity of the cooling liquid by the cooling surface. 
13. The removal of non-condensable gases from condenser. 
14. The physical characteristics of the condensed vapour. 
15. The physical characteristics of the cooling liquid. 


bo 


These factors are fully discussed in Robinson’s work. 

Whilst the velocity of the cooling water is a factor easily settled, the velocity 
of the condensate as it flows through the condenser is not known with certainty. 
The observations of certain workers have led them to conclude that it is seldom 
more than 3-25 feet per second, and for purposes of calculation the figure 2-6 feet 
per second is a good average to take, allowing that the cooling surface is covered 
all over with the condensate. It must not be forgotten, however, that in the case 
of a coil condenser the condensate wets only the lower and smaller portion of the 
inside wall of the coil, the upper portion remaining unwetted, and even in the case 
of vertical tube condensers the whole of the internal surface is not wetted. On 
this account the calculated cooling surface for coil condensers should be increased 
by about three times, and that of vertical tube condensers by about twice. 

It is a very simple matter to calculate the cooling surface of a coil, or vertical 
tube condenser, by the use of the formula mdln, where d=diameter of the pipe ; 


1 See Bibliography at end of this chapter. 
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l—length of each coil or length of each pipe; and n=number of coils or number of 
pipes. 

The minimum quantity of water necessary for condensing the vapour of a 
substance and cooling the condensed liquid may be calculated by the use of the 


formula w—WL+WS(T—t), 
where Se | 


M=weight of water required. 
W=weight of substance. 
S=specific heat of the substance (liquid). 
L=latent heat of vaporisation of the substance. 
T=boiling-point of the substance. 
t=the final temperature of the condensate (which may be the temperature of 
the cooling water on entering the condenser). 
T, =the temperature of the water leaving the condenser. 


The above formula is for use in cases in which the substance is distilled by fire 
or closed steam, and when steam distillation is required then a separate, but similar, 
calculation must be made to give the amount of cooling water necessary to condense 
the steam and cool the water condensed therefrom. It should be remembered 
that the amount of cooling water obtained by using the above formula is the 
minimum quantity, and in general practice would be too small a quantity. — 

The amount of cooling surface allowed in general practice varies between | and 
3 square feet for every 1 gallon of condensate cooled to the normal temperature 
per hour. Although a good factor of safety should be allowed, especially when 
dealing with highly volatile materials, the author considers. the latter figure is 
somewhat high and therefore not economical, as it will add unnecessarily to the 
cost of the plant. He has been in the habit of using areas between | and 1} square 
feet with good results. 

In all modern benzole-rectifying plants dephlegmation is practised and water 
is required in the dephlegmator for the purpose of cooling, as well as in the con- 
denser. It is not quite so simple a problem to calculate the amount of water required 
in a dephlegmator, the temperature being changed as the several products are 
worked off. As a guide to the student it may be stated that on a benzole rectifica- 
tion plant the water required for dephlegmation purposes varies from 2 to 3 gallons 
for each 1 gallon of distillate, and that for the condenser 13 to 2 gallons per 1 gallon 
of rectified distillate. The flow of water through a dephlegmator is best regulated 
so that a constant difference of about 25° C.is maintained between the vapour and 
the cooling liquid. ) 

To allow a ‘“‘ dead” space in the centre of a water-cooled coil condenser is not 
altogether good design as its efficiency is impaired somewhat, due to the formation 
of convection currents in the water and the consequent raising of the temperature 
of the colder water at the bottom of the condenser. Although convection currents 
are to a great extent eliminated if the water is heated at the top, and the passage 
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of heat to the lower portion is excessively slow, the fact must not be lost sight of 
that a considerable amount of heat is transferred to the cooling water from the 
material passing through the lower coils of a condenser, say, to about one half-way 
down, and this will increase somewhat the phenomenon of convection; and much 
depends upon the manner in which the cold water is supplied to the condenser tank 
(see page 153). It is a good plan to fill up the “ dead ” space by fixing a mild steel 
cylinder in the tank, with its outer side about 9 inches away from the inner side 
of the coils, arranging that water does not fill the inside of the cylinder, but air only, 
and to make the diameter of the laps of the coil as small as possible compatible with 
the height which can be allowed for the whole condenser. Another method is to 
put in D-shaped coils, placing two coils together in the condenser tank thus, aD. 

With reference to the transmission of heat from the material in the condenser 
coil to the cooling water, under conditions existing in practice, this is affected to a 
small extent according to the metal used in the construction of the coil, e.g. copper 
or iron, but to a much greater extent by the films of liquid on either side of the 
condenser tube wall. This condition is reversed, however, when the thickness of 
the tube is unduly thick, or the velocity of the cooling medium is very high, thus 
reducing the thickness of the film. Heastie states that a film of water 0-003 inch 
thick is equivalent, in resisting heat flow, to a copper tube wall 24 inches thick, or 
if it is assumed that the average tube wall thickness is 0-08 inch, then the resistance 
of the metal is only = th that of the film. In the case of steel the resistance is 
increased to about {7 th. 

In the design of the heating coils for a still the chief points to be borne in mind 
are :— 





1. The quantity of heat required per unit of time. 

2. The temperature difference between the steam in the coil and the liquid 
in the still. 4 

3. The coefficient of heat transmission from the steam to the liquid in the 
still through the metal of the coil. 


When heat is transferred from saturated steam to a liquid through a metal 
(the coil) three resistances present themselves, namely :— 

1. The resistance of a film of condensed water (from the steam) on the inner 
side of the coil. 

2. The resistance of the metal of the coil. 

3. The resistance of a film of liquid on the outer side of the coil. In connection 
with the film of condensed water from the steam, the effect of the air which is always 
present in steam must not be lost sight of. 


It has been shown that the greater the length of a metal tube of a given diameter 
the less is the coefficient of heat transmission, and that for tubes of a fixed length 
this coefficient decreases as the diameter increases, hence heating tubes should be 
designed as short as possible and not of too great a diameter. 

Steam must not be allowed to become stagnant in the heating tubes ; the more 
rapid the movement of the steam the greater the heating efficiency. It is also 
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necessary to remove the condensed water formed from the steam as rapidly and 
as completely as possible in order to keep up the heating efficiency ; the conductivity 
of water films is very low. 

For fuller particulars on these matters the works and papers mentioned in the 
Bibliography at the end of this chapter must be consulted. 
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CHAPTER XIII 


RECOVERY OF BENZOLES AND NAPHTHAS 


THE various qualities of benzoles and naphthas are obtained from crude naphtha, 
light oil, and often from light creosote. It is necessary to wash these oils, or certain 
fractions obtained from them, free from tar acids and pyridine bases before the 
process of rectification can be carried out, and in the case of the heavier oils, and 
very frequently with crude naphtha, a first distillation by fire is carried out, as is 
described below. 

Dealing with crude naphtha, this distillate contains chiefly benzene and its 
higher homologues, and on treatment and rectification yields principally 90’s benzole 
and 50-90’s benzole. Crude naphtha as pumped over from the receivers will contain 
approximately between 4 and 6 per cent. of tar acids and a varying quantity of 
pyridine bases. The tar acids are removed as described in Chapter XI, page 234. 
Pyridine bases are not removed until just before the rectification process. 

It is preferred by some to submit the crude naphtha-to a distillation before 
washing out the tar acids. Others prefer to wash out the tar acids before distilling, 
and it depends on the circumstances existing in the works whether this is done or 
not. In any case, after the tar acids have been removed it is advisable to allow 
an hour or two for settling, in order that any entangled phenolate may settle out. 
The extracted naphtha is then submitted to a distillation. This may be conducted 
in a fire-heated still fitted with a fractionating column, or in a steam-heated still 
to which a similar apparatus is connected. Two fractions may be collected, the 
first being run into what is termed the crude benzole receiver, and the second into a 
receiver for crude solvent. The end of the first fraction 1s generally found by sub- 
mitting a portion of the distillate as it runs from the worm end to a rapid distilla- 
tion in a retort in the laboratory. As soon as the test sample shows the first drop 
at about 110°C. the distillate 1s changed over into the crude solvent tank. The 
end of the second fraction is determined when the specific gravity of the distillate 
taken from the worm end indicates approximately -965 to -970 at 60°F. On to 
the residue in the still, other material is often placed, or it is removed and kept 
for working up with heavier distillates at some other time. The methods of obtain- 
ing the change-over points just given are not always used; at some works they are 
determined by readings from a thermometer fitted to the still, and it is sometimes 
necessary to vary these points according to the requirements which may obtain in 
the works. 

The steam-heated still in which this naphtha may be fractionated must be 
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provided with an open steam coil, as it 1s necessary to assist the distillation with 
open steam after a certain point 1s reached. Generally, open steam is introduced 
into the still when the distillate at the worm end, on testing in the laboratory, 
commences to distil at about 95°C. If, however, high-pressure steam is supplied 
to the closed steam tubes, the open steam may be introduced at a later period or 
not at all. Care should be taken when first passing the steam into the still not to 
open the valve too wide. If this is done it will generally cause the still to prime, 
or, in other words, fill the fractionating column with the heavier material from the 
still. This, of course, is a serious matter, and will, if it occurs, generally spoil the 
operation. The valve should be opened very gently at first, say, about one-quarter 
of a turn, and then the passage of steam gradually increased until the still works 
evenly. When open steam is introduced, it is necessary to pass the distillate, as it 
comes from the worm end, through a divider box, in order to separate the con- 
densed steam from the oil. The closed steam is not discontinued during the passage 
of open steam, but it must be regulated according to the rate of distillation 
desired. 

With reference to washing the distillates for pyridine, this will be dealt with 
_after considering the first distillations of light oil and light creosote. ; 

In dealing with the light oil fraction, this should always be washed with caustic 
soda lye to remove any crystallisable crude phenol, and also the crude cresylic acid 
which it contains, before submitting it to a distillation by fire. Some distillers preter 
to submit the oil to a fire distillation before washing for tar acids, but this method 
is, in the author’s opinion, a mistake, as some of the tar acids are lost in the bottoms. 
Details of the methods of washing are to be found in Chapter XI, page 235. 

It is absolutely essential, however, to distil the light oil by fire before passing 
it along to the rectification plant to obtain naphthas. This oil, when distilled in 
the fire still, which should in all cases be fitted with a fractionating column containing 
at least 15 plates, may be separated into two fractions and a residue, or one fraction 
and a residue. The quality of the oil will determine which of these methods is the 
best to adopt. If the light oil is divided into two fractions, then the change-over 
point from the first to the second fraction is generally determined when approxi- 
mately 25 per cent. has come over. With a large number of oils this point is also 
indicated when the distillate at the worm end shows a specific gravity of about -925 
to -928 at 60° F. This fraction may be termed “ once run light oil A.” The second 
fraction—* once run light oil B”’—is complete when the distillate at the worm end 
shows a specific gravity between -990 and 1-000 at 60° F. The residue remaining 
in the still is run to creosote, or to special storage tanks, to await the recovery otf 
the naphthalene. Should it be necessary to remove from the light oil one fraction 
only, then that fraction is complete when the specific gravity of the oil at the worm 
end is about -980 to -990 at 60° F. In this case also the residue is dealt with as just 
mentioned. 

For the convenience of the still attendant, his “‘ change-over” points, and 
finishing points, are often given him to read at 100° F. For example, if it is desired 
to finish the distillation at a specific gravity of 1-000 at 60° F. then the still attendant 
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should stop collecting when his distillate reaches -980 at 100° F. Open steam is not » 
used during the distillation of light oil by fire. 

It is advisable not to work too many charges through the light oil still before 
submitting it to a cleaning process: ten times may be taken as a good average. 

The distillate or distillates obtained from the light oil as just described are now 
washed free from tar acids, unless they were removed before distilling the light oil, 
and then submitted to a further distillation, either in a fire-heated or steam-heated 
still provided with a fractionating column. In this operation the “ once run light 
oil A” distillate may be separated into one fraction and residue, or two fractions 
and residue. If only one fraction has been distilled off the light oil, this may be 
separated into one, two, or three distillates and residue. 

In the case of the “ once run light oil A,’’ if this is separated into one fraction, 
the whole of it is run into the crude solvent naphtha receiver, and the point at which 
the distillation is stopped is indicated when the specific gravity at the worm end 
reaches about -960 to -980 at 60° F. When two fractions are made, the first one 1s 
mixed with the crude benzole and the second run to crude solvent. The change-over 
point from the first to the second fraction is determined in a similar manner to that 
given under the working of crude naphtha on page 266, and the end of the second 
fraction is found as mentioned above. Considering a case in which only one fraction 
has been distilled off the light oil, should it be desired to separate this into three 
fractions, then the end of the first fraction is determined as already described (page 
266). The second fraction is stopped when the specific gravity reaches -940 
at 60° F. at the worm end, and the third fraction, which is termed crude heavy 
naphtha, is finished when the specific gravity of the distillate collected at the worm 
end reaches between -960 and -980 at 60° F. 

The “ once run light oil B”’ distillate, if separated into one fraction, is worked 
until a specific gravity of about -970 at 60° F. is reached. This distillate is run into 
the crude solvent naphtha tank. If, however, it is desired to collect two fractions, 
which is a better plan, then the end of the first is determined when the specific 
gravity at the worm end reaches about -930 at 60° F., and the end of the second 
when a test of the distillate collected as it runs from the coil shows -980 at 60° F. 
The former is run to the crude solvent and the latter to the crude heavy naphtha 
recelver. 

The residue in all cases is run to creosote, or else reserved for the recovery of 
naphthalene. If it is desired to carry out the distillation just described in a steam- 
heated still, open steam is introduced with care shortly after the distillate appears, 
unless high-pressure steam is used, and the supply continued until the end of the 
operation, closed steam, of course, being employed throughout the entire distillation. 

The light creosotes from some tars are not rich enough in light oils to call for 
treatment for the recovery of these, but in some cases it is found that sufficient of 
the benzene homologues may exist in the creosote to warrant a distillation for the 
purpose of recovering a fraction from which these materials may be obtained. When 
this is the case the light creosote is submitted to a distillation in a fire-heated still 
provided with a fractionating column, and a fraction collected the amount of which 
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will vary considerably, and the finishing point of which will have to be determined 
by the chemist on the works. After washing this fraction free from tar acids, it is 
necessary to submit it to a further distillation in a fire-heated still, separating into 
one or two fractions as is found advisable. The first fraction may be run to the 
crude solvent and the second to the crude heavy solvent received. 

The following Tables 60 and 61, due to Whitehead, are very useful to show 
the average constitution of crude benzoles as received from gasworks in all parts of 
Great Britain, using all classes of coal. 


























TABLE 60 
| 
Horizontal. Inclined. Vertical. 
Retorts employed. ad 
Steam. Direct Fire. Steam. Steam, 
Specific gravity at 15-5° C. 0-896 0-899 0-875 0-873 
Carbon disulphide 0-5 0:3 0-3 0-3 
Paraffins 13 | 5-3 10-4 
Benzene 50-3 Ho) 32-2 22-0 
Toluene . 16-4 18-4 Pts, 9-5 
Xylenes . 8-0 102 13-6 16-7 
Loss on alkali sanetitiate 0-5 On? Wek Ong 
Loss on acid washing 5-3 1 685 11-4 8-2 
Residue at 170° C. in J ncieal Tigh 2:9 ee Sil Gro 6-9 
Residue at 170° C. in original sample 14-8 | 20-2 11-5 25-1 
TABLE 61 


CRUDE BENZOLE FROM ‘‘ STEAMED ’”’ CONTINUOUS VERTICAL RETORTS 








Gas works. A. B. 
Specific gravity . : : 0-853 0-856 
Paraffins . : ; ; 15:9 12-6 
Benzene . . : é 15-0 30°8 
Toluene : . : ; 11-2 11:6 
Xylenes : ; : 25°8 Loe 
Loss on acid sain : ; 10-6 8-9 





The crude benzole crude solvent, and crude heavy naphtha must be submitted 
to a washing process to remove pyridine bases andimpurities. The former substances 
are of value to the tar distiller, and in almost every case are recovered and refined. 
Before commencing a wash it is advisable to examine the oil, whichever quality 1% 
may be, for tar acids, and if any exist they must be washed out. In all cases, before 


1 Benzole, its Recovery, Rectification and Uses, Benn Bros., Ltd., London. 
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washing, it 1s advisable to allow the oils to rest for a time to settle out entangled 
water. Pyridine is the first member: of a series of organic substances which corre- 
spond to the general formula C,H,,,N, and it is represented by the chemical 
formula C;H;N. It possesses basic properties and combines easily with mineral 
acids, according to the following equations :— 
(a) C;H;N +HCl =C,H,NHCI 
or (6) 2C,H,N’+H,80,=(C,H-N),Ho50, 


A fuller description of the properties of pyridine and its chief homologues will 
be found in Chapter XVI. 

Sulphuric acid is used in all cases to remove the pyridine bases, and the quality 
usually employed is ordinary B.O.V., of about 146° Tw. In one part of the operation 
it is used as supplied, and in another part it is diluted. After the pyridine bases are 
removed, a stronger acid known as D.O.V., of a specific gravity of approximately 
167° Tw., is employed. It is then necessary to wash the oils with water, then with 
caustic soda lye, and finally again with water. 

In all cases two washers should be employed, one in which to conduct the 
acid-washes and the other the caustic soda and the final water-washes. If the acid 
and soda-washes are conducted in one washer, there is a great risk of some of the 
resinous matter, produced by the action of the acid, adhering to the sides of the 
washer, and suffering decomposition by the caustic soda and then being dissolved 
by the oil. Distillates from the rectifying still off oils to which this has happened 
will possess a peculiar unpleasant odour and will rapidly go off colour. 

Dealing first with crude benzole, one method of washing this material is as 
follows: A quantity of B.O.V. at 146° Tw., amounting to between 14 to 2 per cent. 
of the volume of the oil, is slowly added to the charge of oil in the washer, while it is 
under vigorous agitation. The period of agitation may be between twenty minutes 
to half an hour. After this time has elapsed the contents of the washer are allowed 
to rest for about half an hour, and the greater part of the substance which settles 
out, known as pyridine acid, is run off into the pyridine acid tank. After a further 
settling of about half an hour, any more pyridine acid which has separated should 
be run off, and then about 4 to 1 per cent. of D.O.V. slowly added to the oil, with 
agitation. The time occupied in agitating in this case may vary from twenty minutes 
to three-quarters of an hour, but care must be taken that the oil does not become 
too hot. After the agitation it is allowed to settle for about ten minutes, and as much 
of the substance (known as acid tar) as has separated removed. The resinification 
of hydrocarbons brought about by the action of D.O.V. is sometimes considerable, 
and the acid tar formed often very rapidly solidifies to a “livery ”’ mass, which will 
not flow, and which has a tendency to adhere to the bottom and sides of the washer. 
It is policy, therefore, not to lose any time, but to remove as much as possible before 
this state sets up. Further settlings of ten minutes are given, and any more acid tar 
which separates 1s run off. When the whole of the acid tar has been removed—it 
should be noted that this material must not be run to the pyridine acid tank—the 
sides of the washer should be carefully washed down with a spray of cold or warm 
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water. This will settle to the bottom, and is removed via the catch tank—in which 
is separated and retained any oil which may escape from the washer—to a neutral- 
ising tank, and from the tank to the drains. After this preliminary wash, the oil 
is washed with water until the washings are practically free from acid. It is a good 
plan not to agitate the oil with water when giving the first wash, but to spray water 
on to the surface of the oil and let it fall through it to the bottom of the washer. 
When the washing is completed, the oil is pumped, or run by force of gravity, into 
the second washer and treated with about + to # per cent. of caustic soda lye standing 
at 40° Tw. or thereabouts. The soda lye is allowed to separate out, and then run off, 
and atter this the oil is washed with clean water until the wash waters react neutral 
to litmus. After a thorough settling, the washed oil may be run direct into the 
rectification still, or to a storage tank, to await treatment at a later date. 

With poor classes of crude benzole it is generally necessary to wash with a 
further 1 to 14 per cent. of B.O.V. of about 146° Tw., before proceeding with the 
D.O.V. wash. Whatever the amount of acid used it is not wise to proceed to the 
water and caustic soda washes until it has been established with certainty that 
sufficient acid has been employed. A ready method of doing this is to place 90 c.c. 
of the oil in a stoppered test mixer, add 10 c.c. of pure sulphuric acid, and well shake 
for five minutes. The mixture is then allowed to stand to separate the acid, which 


N 
should not be darker in colour than that of a 10 potassium dichromate solution. 


It is sometimes found advisable, in fact in the author’s opinion it 1s wise, always 
to wash the crude benzole with a little dilute B.O.V. before adding the D.O.V. This 
will ensure a complete removal of the pyridine bases. This dilute acid may be 
prepared by adding one part of B.O.V. to one part of water, and the amount added 
to the benzole may vary between 3 and 1 per cent. The total loss of crude benzole by 
washing varies considerably according to the quality of the oil; however, a good 
average may be taken as 3 per cent. Some of the crude benzoles contain com- 
paratively large quantities of unsaturated paraffin hydrocarbons, and these, of 
course, are acted upon by the sulphuric acid used 1 in the washing, and will naturally 
increase the amount of loss. 

_ In the preparation of pure benzoles from a crude benzole it is often necessary 
to remove a substance known as thiophene, and also some of its homologues. Thio- 
phene is represented by the chemical formula C,H,S. It has a boiling-point of 84° C., 
a specific gravity of 1-07, is colourless, and possesses an odour similar to that of 
benzene. Concentrated sulphuric acid dissolves thiophene, and if the solution is 
treated with a trace of isatin, a dark blue colour is produced. As thiophene so 
closely approaches benzene with reference to its boiling-point, it is practically im- 
possible to separate it by distillation. It is, therefore, necessary to remove it by 
chemical washing, and in one method concentrated sulphuric acid is used. In order 
to carry out this method economically, it is wise to submit the crude benzole to a 
washing, as just described, and then carefully fractionate it and afterwards rewash 
the fraction, which represents the once rectified benzole, several times with small 
quantities of D.O.V. It is essential, of course, to submit the once rectified benzole— 
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after it has undergone several strong acid washes—to a test for thiophene in the 
chemical laboratory. When this test gives a satisfactory result, the material may be 
washed with water and caustic soda, and finally with water, as previously described. 

According to English Patent No. 152,470,1 thiophenes can be removed from 
benzole by treating it with 60 to 85 per cent. sulphuric acid at a temperature of 
between 30° and 90° C., or, alternatively, by passing the vapour of benzole through 
73 to 82 per cent. sulphuric acid. 

P. K. Dutt and J. D. Hamer? suggest that thiophene and its homologues can 
be removed from benzole and toluole by agitating these substances in the cold with 
the addition of sufficient chlorine to convert the thiophene or thiotolene into their 
chloro derivatives. The chlorine may be used as a gas or dissolved in water. As 
these compounds possess high boiling-points they are readily separated by submitting 
the benzole or toluole after treatment to a fractional distillation. Itis necessary to 
determine by analysis the requisite quantity of chlorine required to carry out the 
operation, and these workers state that about 1-5 per cent. of chlorine is sufficient 
to remove 0-5 per cent. of thiophene or thiotolene. For the removal of thiophene, 
thiotolene, etc., from once distilled benzole, etc., in cases in which the pure products 
are required for the manufacture of coal tar colours, this process appears to be a 
very satisfactory one to use. 

With reference to the washing of crude solvent naphtha, the process is essentially 
the same as that already described for crude benzole. It is necessary, however, to 
use a rather larger quantity of acid, as there is generally a higher percentage of 
pyridine bases contained in this material, and in order to produce rectified naphthas 
of good colour. So that the finished products shall be perfectly free from pyridine 
and able to pass the Weber test for that substance, it 1s advisable to use some dilute 
acid, prior to adding the strong acid (D.O.V.) used in the final acid wash. The 
following is a good method of washing a crude solvent. For the first wash add 
about 1 per cent. of B.O.V. at 146° Tw. and agitate vigorously for between twenty 
minutes and half an hour. After the period of agitation, allow to settle to precipitate 
the pyridine acid, which is run off to the storage tank for further treatment. The 
second wash of about 14 per cent. of B.O.V. is now given, the time of agitation being 
about the same. After the removal of the pyridine acid, the naphtha is submitted 
to a third wash with dilute B.O.V. This dilute B.O.V. may be prepared by taking 
one part of acid and one part of water, and the amount used should be about 14 
per cent. Thorough agitation is necessary, and the time should not be less than half 
an hour. This weak acid wash will completely remove all the pyridine. The contents 
of the washer should be allowed to settle, and the weak pyridine acid which precipi- 
tates run off to the pyridine acid storage tank. At this point it 1s advisable to sub- 
mit a sample of the naphtha in the washer to the Weber test (see Chapter XXII, page 
430). If it passes this test, a fourth wash with D.O.V. is given. The quantity of 


this acid, as a rule, need not exceed more than between 3 and | percent. It is some- 
i 

1 South Metropolitan Gas Co., E. V. Evans and H. Hollings, Eng. Pat. 152,470. 
August 16th, 1919. 

2 Eng. Pat. 117,683, July 27th, 1917. 
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times necessary, however, to use-rather more, but circumstances will have to decide 
this. The time occupied in agitating should not be prolonged: usually about 
twenty-five minutes is ample. After this the contents of the washer should be 
allowed to rest, to deposit acid tar, and it is just as well to run this material off at 
intervals of about ten minutes. If it is allowed to remain too long in the washer, 
there is a risk of its becoming so thick that it will not run through the outlet. The 
acid tar should not be run to the pyridine acid storage tank, but to a separate 
receptacle. After the final wash with D.O.V. the acid test should be applied as 
described on page 271. | 

At least 14 hours should be allowed for settling before the water washing is 
commenced, and 1% is advisable to thoroughly wash down the sides of the washer, 
and also spray the water on the surface of the naphtha, allowing it to fall through 
it by force of gravity, before any water is agitated with the oil; the water which 
separates during this process is removed before agitation with clean water is com- 
menced. Further water washes are now given with agitation, which must not be 
too vigorous. When the wash water comes away from the naphtha practically 
neutral, a short time for settling is allowed, and the drainings removed. The naphtha 
is then pumped, or allowed to run by force of gravity, into a second washer for 
treatment with caustic soda lye of about 35°-40° Tw. A large amount is not neces- 
sary, the quantity usually varying between + to 4 per cent. After about twenty 
minutes’ agitation, the contents of the water should be allowed to settle thoroughly, 
the lye wash removed, and the naphtha then submitted to water washes as already 
described. It is necessary that clean water be used and the last wash water should 
come away from the naphtha quite neutral to litmus. When this is the case, the 
washed crude solvent may be removed to a storage tank or direct to the rectification 
still. 

Many of the crude solvents when washed with strong acid deposit an excess 
of acid tar, often of a very resinous nature. A good method of avoiding this is to 
submit the crude naphtha to a second distillation before washing with acid, 2.e. 
distilling the crude solvent in a steam-heated still, and collecting practically the whole 
of it in one fraction. This fraction, when washed in a similar fashion to that just 
described, appears to give very little acid tar in the final acid wash. There is also 
a great improvement as regards the odour of the rectified material. The total loss 
of crude solvent varies to a much greater extent than that of crude benzole ; it may 
be between 5 and 13 per cent. 

In washing crude heavy solvent, a good deal of discretion is necessary. This 
class of material will contain varying quantities of naphthalene, and in the washing, 
especially with D.O.V., some of this material becomes sulphonated and is lost; 
in fact, if not carefully conducted, the loss may amount to as much as 25 per cent. 
It is generally necessary to use some D.O.V. if a rectified heavy naphtha which will 
keep its colour when exposed to the light is desired. The method of washing is 
exactly the same as has already been described, and the average amount of B.O.V. 
used at 146° Tw. is 24 per cent. ; of dilute B.O.V. (1:1) 4 per cent. ; and of D.O.V. 
14 per cent. It is advisable to divide the quantity of B.O.V. so that three washes 
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may be given with it, and with the D.O.V. two. A wash with caustic soda lye 
of about 35°-40° Tw. must not be forgotten, the amount used being between 4 and 
2 per cent., calculated on the volume of the crude heavy solvent. Water washes 
must be thorough, and it is absolutely necessary to secure neutrality after the acid 
and soda washes. 

R. Kattwinkel! suggests that if boric acid is added to the sulphuric acid used 
for washing crude benzole, the resinous matter formed is reduced by about 25 
per cent., and the increase in the yield of benzole averages about 2 per cent. He 
states that the action of the boric acid appears to be due to the formation of a com- 
pound with the phenolic constituents. 

This worker apparently is not aware of the fact that in well-managed ti 
distilleries all the phenolic bodies are removed from crude benzole before washing 
it with acid. 

The treatment of benzole acid sludge or acid tar has received the attention 
of tar distillers from time to time, and subjecting this material to distillation has 
often been tried by one worker or another. Stephenson? found that a tall, narrow 
still is unsuitable for the recovery of benzole from acid tar owing to the fact that 
frothing occurs, and he came to the conclusion that the steam to be used for dis- 
tillation should be introduced through a number of orifices. He therefore designed 
a still on these lines and provided for a jet of ammonia gas to be introduced into 
the swan neck in order to neutralise the sulphur dioxide given off during the process. 
By the use of this still benzole suitable for the market was produced. From a charge 
of acid tar 20 per cent. of benzole was recovered. The residual acid liquor from 
various charges was found to be of a strength between 33 and 55 per cent. calculated 
as sulphuric acid. A black resinous residue which contains approximately 1 per cent. 
of ash is also obtained, and this material is found to be suitable as a fuel; cr if 
washed with water, dried and then distilled, it will yield approximately 15 per cent. 
of oil. In the acid liquor mentioned above, pyridine bases were found in amounts 
up to 8 per cent. 

Resins suitable for the manufacture of various types of varnish can now be 
prepared from solvent naphthas or heavy benzoles by an acid polymerisation of the 
cumerone, indene and similar hydrocarbons present in these oils.? It has been found 
that greater uniformity of resin product will be obtained if crude naphthas of varied 
composition are mixed, the amount of each quality of naphtha being determined 
so as to obtain a product yielding about 30 per cent. of resin. It is possible to obtain 
a light-coloured resin by subjecting naphtha with or without an initial blending, 
and after the removal of the tar acids and pyridine which it contains, to a preliminary 
polymerisation by means of sulphuric acid of a strength of 60° to 66° Bé, using about 
0-1 to 0-5 per cent. and removing the dark-coloured constituents formed. The 
oil is then subjected to a neutralising process and afterwards distilled, and then 
subjected to the main polymerisation, which is effected by using 1 to 3 per cent. of 


1 Brennstoff-Chem., 1922, 3, 357-360. 
* Gas World, February 5th, 1921, Coking Section, 19-21. 
3 Eng. Pat. 142,806, Barrett Co. New York, U.S.A. 
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sulphuric acid of about 62° Bé. The spent acid and tar are removed from the resin- 
containing oil, the oil is then neutralised with alkali, washed with water and distilled 
wm vacuo. A final distillation in vacuo with the introduction of superheated steam is 
carried out in order to remove naphthalene and heavy oils and leave the molten 
resin at the bottom of the still, from which it is drawn off. 

Crude benzole contains, among other impurities, a fair amount of carbon 
disulphide, and this objectionable substance is, in practice, removed in the process 
of rectification, as will be mentioned in the next chapter. J. A. Wilson, English 
patent 14,152, 6th October, 1915, claims that benzene can be freed from carbon 
disulphide, before or after rectification or treatment with sulphuric acid, by agitating 
with caustic soda (20°-25° Tw.) at a temperature below the boiling-point of the 
benzene. 

In a method suggested by J. E. Thompson! for purifying crude benzole from 
carbon disulphide, the benzole is mixed with aqueous ammonia of about the same, 
but of not greater specific gravity than the benzole. The impurities which combine 
with the ammonia are allowed to subside, and the supernatent purified benzole is 
removed and submitted to distillation or any other desired process. 

According to H. G. Colman and E. W. Yeoman2, carbon disulphide can be 
readily extracted from benzole or other liquids containing it by agitating the material 
with a cold, aqueous solution of an alkali or alkaline-earth bisulphide. With these 
compounds carbon disulphide forms a salt of perthiocarbonic acid, H,CS,. The 
perthiocarbonate, after separation from the benzole, is decomposed by the addition 
of mineral acid with the production of carbon disulphide, hydrogen sulphide, and 
sulphur, and these substances are separated by submitting the mixture to steam 
distillation. The carbon disulphide is condensed, the hydrogen sulphide absorbed 
in hydrated ferric hydroxide, and the sulphur is recovered by filtering the still 
bottoms. The sulphur can be used in the preparation of more bisulphide solution. 
Instead of decomposing the perthiocarbonate, it may be employed as a bactericide. 
If, instead of decomposing the perthiocarbonate by means of acid, soluble iron 
salts or ferric hydroxide be employed, a precipitate of ferrous sulphide and sulphur 
is obtained, which, on exposure to the atmosphere, oxidises to ferric oxide and 
sulphur. On submitting the perthiocarbonate solution to simple distillation a 
distillate of carbon disulphide and sulphuretted hydrogen are obtained, and a 
residue of polysulphide and hydroxide remains. This residue can be converted into 
alkali bisulphide again. The escaping non-condensable gases which contain some 
carbon disulphide may be purified of sulphuretted hydrogen by treatment with 
lime and hydrated ferric oxide, and the carbon disulphide recovered as cellulose 
xanthate by a subsequent passage through an alkali-cellulose solution. 

An interesting process for the purification of benzole has been recently described.* 
The crude benzole is purified by first vaporising it by known means and then passing 

1 U.S. Pat. 1,276,284. August 20th, 1918. 

2 Eng. Pat. 145,099. December 20th, 1918. 

% Eng. Pat. 10,066 of 1915. Gerald L. Moss and Simon-Carves’ By-Product Coke 


Oven Construction and Working Company, Limited, 20 Mount Street, Manchester. Date 
of application, July 10th, 1915. 
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it through sulphuric acid and a caustic alkali solution successively, and then (after 
any further desired treatment) condensing the purified vapour by known or any 
convenient means. For this purpose an apparatus (see Vig. 105 for a diagrammatic 
illustration) is provided which consists of a still R, a dephlegmator 8, and analyser 
T, all of known or convenient construction, a compartment for sulphuric acid D, 
a compartment for aqueous caustic alkali solution EH, and a condenser U. By this 
method and means the purification process may, if desired, be made continuous, and 
the purification is carried out in a single process. 

The compartments D and E are surrounded by a steam-jacket, by which this 
vessel is maintained at a temperature not less than that at which the benzole vapour 





Fic. 105.—Moss anp SIMON-CARVES’ APPARATUS FOR BENZOLE PURIFICATION. 


enters, to avoid condensation of the vapour when within the vessel. The benzole 
first bubbles through the sulphuric acid, then goes down the passage B, and 
bubbles up through the alkali solution. Baffles are provided in the compartments 
D and E to arrest any liquid spray that may be carried by the benzole 
vapour. | 

The concentration of the acid solution is preferably 168° Tw. to commence 
with, and should be maintained as near as possible thereat if the best results are 
to be obtained. Good results can, however, still be obtained with a concentration 
of 160° Tw. Care should be taken that the caustic alkali solution is not or does 
not become of too high a concentration, as, owing to the rapid evaporation of 
the water, sulphate crystals are liable in that case to be formed and thus 
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obstruct. the clear working of the apparatus. A suitable concentration is 30° 
to 40° Tw. 

The pump V maintains a vacuum throughout the whole circuit, and the purified 
benzole is collected in Z. 

Although the process is described as being carried out with the aid of an 
ordinary intermittent still, it will be understood that it may be applied equally 
to a continuous still, and in that case a complete unit may be provided for. 
each fraction. | 

An ingenious method for removing sulphur from oils by the aid of a catalytic 
agent, and which is applicable to the purification of benzoles and naphthas, has 
been invented by E. V. Evans, of the South Metropolitan Gas Company.! The 
following is a brief description of it :— 

The sulphur is eliminated as sulphuretted hydrogen by heating the oil in presence 
of hydrogen or gas containing free hydrogen and a catalytic agent or contact sub- 
stance. In the case of an oil of suitable boiling-point, the vapour of the oil mixed 
with a small proportion of hydrogen (5 or 10 per cent. of its volume) may be passed 
over the heated catalytic or contact substance and the sulphuretted hydrogen 
removed from the vapour by absorption by any known agent, or the oil may be 
washed after condensation to the liquid form. 

The most efficient temperature of working is in the region of 400° to 500° C., 
for at this temperature the iron pipes which contain the catalyst or contact substance 
are not destroyed, and the velocity of the reaction is so high that a relatively small 
area of contact is required. Certain oils are, however, decomposed at these tem- 
peratures, and when this is to be avoided lower temperatures must be employed. 
To this end a relatively greater surface of contact will be necessary in order to 
bring about a similar effect as at 400° to 500° C. It is necessary, therefore, to deter- 
mine with each particular oil the maximum temperature, below 500° C., at which 
the oil is not decomposed, and to allow sufficient contact with the catalytic or 
contact substance to ensure that practically the whole of the sulphur of the oil is 
converted into sulphuretted hydrogen. 

The distillation of naphtha from crude coal tar is cited as an example of the 
application of the process. The vapours from the still are conducted to a furnace 
maintained at 450° C., in which steel or iron pipes are contained. A convenient 
arrangement for these pipes is in the form of a U. The vapours enter at the top of 
one limb and in descending are brought to the temperature of the reaction. To 
enhance this, the limb may be packed with non-combustible material. The catalytic 
material is placed in the second limb. Assuming that the rate of distillation is 50 
gallons per hour, the volume of each limb of the U-tube should be about 7:5 cubic 
feet. A stream of hydrogen or coal gas is introduced at the inlet of the preheating 
tube or tubes and allowed to flow with the vapours at the rate of about 400 to 500 
cubic feet per hour. Only a small portion of this hydrogen is actually used, and it 1s 
advisable to pump the hydrogen over in a closed circuit. The sulphuretted hydrogen 


1 Eng. Pat. 22,147 of 1914. Edward V. Evans and the South Metropolitan Gas 
Company, 709 Old Kent Road, London. Date of application, November 6th, 1914. 
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produced as a result of the decomposition of carbon disulphide and sulphur com- 
pounds is washed from the condensed vapour by caustic soda solution, or it may be 
extracted direct from the vapour by means of an oxide of iron purifier sal suffi- 
ciently warm to prevent condensation. 

In the case of an oil which cannot be distilled the catalytic substance may be 
introduced into the liquid oil, which is suitably heated while hydrogen is passed 
through it, or the heated oil may trickle over the catalytic substance while hydrogen 
is at the same time passing over it. 


CHAPTER XIV 
RECTIFICATION OF BENZOLES AND NAPHTHAS 


THE composition of crude benzole and also of crude solvent naphtha varies some- 
what according to the quality and kind of tar from which they are recovered, but 
benzene, toluene, and the three xylenes occur in one or other of them in considerable 
quantity, and a brief description of the chemical and physical properties of these 
substances will not be out of place in this chapter. 

Benzene (C,H,) is a colourless, highly refractive, mobile liquid possessing a 
peculiar but not unpleasant smell. Its specific gravity at 0° C. is 0-899; at 15°C., 
0-882; at 20°C., 0-8791, and at 25° C., 0-876. When cooled in a freezing mixture 
it solidifies to a mass of colourless orthorhombic prisms which melt at 5:4° C. (corr.), 
The melting-point of benzene is affected by an increase in pressure or by saturating 
it with water. The freezing-point of benzene free from air is increased 0-029° C, 
per atmosphere, whilst saturation with water lowers the freezing-point 0-095° C.? 
Its refractive index at 20° C. is 1-4967, and its molecular volume at the same tem- 
perature is 88-65. Benzene boils at 80-36°C. (corr.). At ordinary temperatures 
100 c.c. of water will dissolve approximately 0-01 c.c. of benzene. According to 
Kopp, its specific heat between 19° and 46° C. is 0-450. It is soluble in alcohol, 
ether, acetone, etc., and is an excellent solvent for resins, fats, ethereal oils, and many 
other organic compounds. Sulphur, iodine, and phosphorus are also soluble in 
benzene. With reference to the constitutional formula of benzene several have 
been suggested, but those of Kekulé and Armstrong have received the most support, 


H H 
HC CH HC CH 
nee CH” HC CH 
C rey 
H A 
Kekuleé, Armstrong. 


An important contribution dealing with the constitution of benzene is published 


1 'T, W. Richards, E. K. Carver and W. C. Schumb, Jour. Amer. Chem, Soc., 1919, 


41, 2019-2028. 
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by Ronald Fraser.!_ This worker attempts to apply the newer and more powerful 
stereochemical methods to the problem of the constitution of this substance, and the 
paper is worth serious consideration by the earnest student. 

To those readers interested in the structure of the benzene nucleus, the writer 
recommends the perusal of two papers by Christopher Kelk Ingold,? one of which 
deals with intra-nuclear tautomerism, and the other with the synthetic forms of 
the bridged modification of the nucleus. 

A very striking theory on the constitution of benzene is published by Nat. H. 
Freeman®, which the reader may care to peruse. Following this paper there was a 
considerable amount of discussion. The foot-notes give the name of the Journal 
and the dates on which the article and discussion appeared. 

Benzene forms additive compounds with some unsaturated hydrocarbons, 
e.g. styrene with benzene forms diphenylethane, 


C0 ,CHsCH, C,H. (C.H-).Cn- Oi. | 
Diphenylpropionic acid is formed if benzene is allowed to act upon cynamic acid in 
the presence of sulphuric acid, 
C,H,CH : CH-COOH+C,H,=(C,H;).CH-CH,-COOH. 

The vapour of benzene at a low pressure will absorb the Tesla radiations and 
become feebly luminescent. This effect may be intensified in various ways: (1) 
by the introduction of an auxochrome (an amino or hydroxyl group); (2) by the 
multiplication of aromatic nuclei, especially condensed nuclei, such as naphthalene, 
anthracene, etc.; (3) by the linking of nuclei with unsaturated carbon chains, such 
as stilbene, C,H;-CH: CH-C,H; and diphenylbutadiene C,H;-CH: CH-CH: CH-C,Hs. 

Benzene is optically coloured, for 1t produces a banded spectrum in the ultra- 
violet. 

Benzene is a very stable substance, resisting the action of all the mild oxidising 
agents, and even when boiled with solutions of powerful oxidising agents, such as 
potassium permanganate or chromic acid, it is only very slowly acted upon. Dilute 
nitric acid has no action upon it, but strong nitric acid, especially in the presence 
of concentrated sulphuric acid, attacks it, forming nitro-compounds. 

1 C,H HNO_CeH. NOs) =-3H50: : 
2. C,xH,+2HNO,=C,H,-(NO,).+2H,0. 

Concentrated sulphuric acid acts upon benzene very slowly at ordinary tem- 
peratures, but at its boiling-point it 1s acted upon more rapidly, forming benzene 
sulphonic acid— 


OSE LETS) cehaeh Ae) ere) 


Fuming sulphuric acid converts benzene into benzene disulphonic acid, C,H,:(SO,H)>. 
Chlorine and bromine act upon benzene in a very peculiar manner. In the 
presence of direct sunlight, or at fairly high temperatures, additive products are 


1 “A Note on the Constitution of Benzene,” J.C.S., 1922, No. 711, p. 188, Trans. 

2 J.C.S., 716, June, 1922, pp. 1133-1143 and 1143-1153. 

* Chem. Trade Jour. and Chem Eng., July 10th, 1920, p. 41; July 24th, 1920; 
August 7th, August 21st, 1920 ; September 4th, 1920; October 9th, October 23rd, 1920. 
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formed, such as hexachlorobenzene, C,H,Cl,, and hexabromobenzene, C,H,Br,; but 
in diffused light and at ordinary temperatures benzene is slowly attacked, substitution 
products being formed, such as chlorobenzene, C,H;Cl, dichlorobenzene, C,H,Cl,, 
bromobenzene, C,H,Br, etc. Iodine appears to have very little action upon benzene. 

It has been shown by J. M. Weiss and C. R. Downs that it is possible to obtain 
from benzole such organic acids as tartaric, citric, lactic, and succinic. The basis 
of the process is a method of building up various substances from maleic acid obtained 
from benzole by mixing the vapour of this substance with air and passing the mixture 
over a suitable catalytic agent. By this new process the authors believe that an 
entirely new field of synthetic organic chemistry has been opened up. 

If benzene is oxidised! by using vanadium dioxide as a catalytic agent, quinone 
is first formed, and this becomes oxidised to maleic anhydride, and if the oxidation 
is carried further carbon dioxide and water result. It appears that temperature 
is the controlling factor in this process of oxidation. 

Benzene can be oxidised to maleic acid, C,H,O,, in the presence of vanadium 
oxide as a catalyst.? | 

If a mixture of benzene vapour and hydrogen is passed at a pressure of about 
300 lbs. per square inch over a catalyst such as nickel oxide, the temperature being 
maintained at about 300° C., cyclohexane results. By adjusting the rate of feeding 
the benzene into the apparatus, hydrogenation may be effected to yield a mixture 
of cyclohexane and benzene in any desired proportion.® 

On submitting benzene to electrolytic oxidation, over 80 per cent. of quinone 
has been obtained by H. Inoue and M. Shikata.* 

Benzene can also be oxidised to quinone at the anode of an electrolytic cell, 
and afterwards reduced to quinol.° 

It is stated that if ozone is led into benzene the latter is oxidised with the 
formation of acetic acid, formic acid, and also oxalic acid. 

According to Harries and Weiss, ozone forms with benzene an explosive com- 
pound which is called ozobenzene. By the action of hydrogen peroxide benzene is 
oxidised into oxalic acid and phenol. 

J. Timmermans® has obtained from commercial benzole normal heptane and a 
heptamethylene. The quantity present was not large, being less than ~*~ of the 
weight of the benzole taken. 

The following figures dealing with commercial benzole and pure benzene are 
given by H. J. Pooley :— 





Latent heat, 


iy, enhae Specific heat. Cal/grams. 
Commercial Benzole . oyttaly: 0-408 95 
Pure Benzene . , . 80°3 0-41 93-4 


Toluene, methyl benzene, phenyl methane, C,H,;-CHs, is a colourless, highly 
refractive, mobile liquid, with an odour somewhat similar to that possessed by 

1 J. M. Weiss and C. R.’Downs, Jour. Ind. Eng. Chem., 1920, 12, 228-232. 

* Eng. Pat. 167,219, The Barrett Co. 3 Eng. Pat. 133,666, May 7th, 1919. 

4 

5 


Jour. Chem. Ind. Japan, 1921, 24, 567. See also J.S.C.L., 1921, 652A. 
U.S. Pat. 1,322,580. § Bull. Soc. Chem., Belg., 1920, 29, 227-229. 
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benzene. At 15°C. its specific gravity 1s 0-872, at 20° C. 0-866, and at 25° C. 0-8625. 
It solidifies below—100° C. forming colourless crystals which melt at—93-2 C. 
(corr.). The boiling-point of toluene is 111° C. (corr.). With regard to solvents and its 
solvent action it behaves very similar to benzene. It largely resembles benzene in its 
chemical properties, differing principally in those which are due to the presence of a 
side chain (the methyl group). The constitutional formula of toluene is written thus— 


CH, 
C 


Its behaviour with sulphuric and nitric acids resembles that of benzene in so far as 
it yields sulphonic and nitro-derivatives. These compounds, however, exist in three 
isomeric forms, viz. ortho, meta, and para. For example, mono-nitrotoluol exists 
in three forms represented by the following constitutional formule :— 


CH; CH, CH; 
Cc C 
HC C-NO, HC cH Hc CH 
HC JCH HC cNo, HC CH 
. C 
Cc Cie 
H HH NO, 
Ortho. Meta. Para. 


At ordinary temperatures and in diffused light chlorine and bromine act on 
toluene, producing substitution products by displacing the hydrogen of the benzene 


ring or nucleus, thus :— CH CH, 
its é 
HC CCl HC CBr 
Hc cH HC CH 
Cc C 
H H 


Ortho-chloro-toluene. Ortho-bromo-toluene. 
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If, however, toluene is acted upon by chlorine or bromine at its boiling-point, 
or in direct sunlight, substitution of hydrogen of the side chain or methyl group takes 
place, thus : 


CH,Cl CBr, 
& C 
He CH HC CH 
HC CH : HG CH 
C C 
H EL 
Benzal chloride. Benzo-tribromide. 


By the strong oxidising agents toluene is converted, with difficulty, into benzoic acid, 
the methyl-group or side chain being oxidised. 
2C,H;-CH,+30,=2C,H,-COOH+ 2H.,0. 
Toluene. Benzoic acid. 

If the vapour of toluene and air are passed over vanadium pentoxide at a tem- 
perature of 350° to 450° C., benzaldehyde and some benzoic acid are formed.1 

Toluene, according to The New Process Gasolene Co.,? can be obtained, among 
other substances, by heating a spruce turpentine with aluminium chloride, and 
distilling the liquid obtained in the presence of hydrochloric acid. 

Xlyene, dimethyl benzene, C,H,(CH;), exists in three isomeric forms, viz. 
ortho, meta, and para. The constitutional formule of these isomers are :— 


CH; CH, CH; 

HC C-CH, HC CH HC CH 
HC CH HC C-CH, HC CH 
Cc C 

H H uNCHS 
Ortho-xylene. Meta-xylene. Para-xylene. 


Some of its physical properties are given in Table 62; and in Table 63, constructed 
by Professor Richards and Mr. C. L. Speyers, after making many careful observa- 
tions, will be found some useful constants. 

The three isomeric xylenes are colourless liquids possessing aromatic odours 
dissimilar to those of benzene and toluene. Their behaviour with concentrated 


1 U.S. Pat. 1,261,022, Greenley. 
2 U.S. Pat 1,244,444, October 23rd, 1917. 
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sulphuric and concentrated nitric acids is very similar to that of toluene, sulphonic 
acids and nitro-compounds being formed. In the case of the para isomer it is neces- 
sary to use fuming sulphuric acid to obtain the sulphonic acid. Oxidising agents act 
upon the three isomers with moderate ease forming the toluic and phthalic acids by 
oxidising, in the former case one and in the latter case both of the methyl! groups. 
Chlorine and bromine act upon the xylenes in a similar manner to the way in which 
they act upon toluene. , 

According to U.S. Patent No. 1,334,033, if xylole 1s subjected to the action of 
anhydrous aluminium chloride, toluene is produced and can be distilled off con- 
tinuously. 


























TABLE 62 
Specific gravity. Melting: Boiling-point Solubility in 
Isomer. point, corr. : 
At 0° C At 25° C. Water. Alcohol. Ether. 
Ortho . 0 -8932 0:°876 | —29°C, 142°C. Insol. Sol. Sol. 
Meta . 0-8810 0-863 — 54°C, 138-5-139:-5° C. Insol. Sol. Sol. 
Para. 0-8801 0-859 tee LER 137-137-5° C. Insol. Sol. Sol. 
TABLE 638 
: aya Surface tensi t 
Boiling-point in ees ie a 20° Sein i Compressibility 
Substance tested. Deg. C. water att. C. ieee ds per at 20° C. x 106, 
Orthoxylene : : 144-0 0-8811 3°09 60-0 
Metaxylene . ; ; 1305000 0 +8658 2-96 63-5 
Paraxylene . A ; 136-2 0-8611 2-92 65-2 


The chief products obtained by the rectification of crude benzole are 90’s benzole 
and 50-90’s benzole, and by a second rectification commercially pure benzole, 
which will yield about 95 per cent. within $ to # of a degree C. Crude solvent 
naphtha on rectification will yield a large number of products, many of which are 
specially made to the specification of buyers. There are several grades of solvent 
naphtha, the chief of which is known as 90 per cent. at 160°C. Some of the other 
grades obtained are solvent naphtha yielding 95 per cent. at 165° C. or 90 per cent. 
at 190° C., and also those possessing flash-points of 75° and 85° F. (Abel’s close test). 
Commercial toluole is also obtained from crude solvent naphtha, and, by a second 
rectification, commercially pure toluole and commercially pure xylole. Crude heavy 
naphtha will yield various grades of heavy naphtha, the quality, specific gravity, 
flash-point, and distillation of which will vary according to the requirements of the 
buyer. | 
It is not possible to give here full particulars as to how all the products that 

1 EK. I. du Pont de Memours and Co., Wilmington, Del. 
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may be obtained from these materials are prepared, but brief consideration will be 
given to the method of producing some of the chief products. | 

Dealing with crude benzole with the object of making 90’s benzole, a charge 
of washed crude benzole is run into the rectifying still and closed steam turned on. 
When the contents of the still become heated throughout, the steam is slackened a 
little and the worm end carefully watched. As soon as liquid appears at the worm 
end, the steam should be regulated to a degree which will allow of the distillate 
running continuously, and not too fast. The material which comes over first from 
the washed crude benzole is termed “ fronts,’ and contains a considerable quantity 
of carbon disulphide (CS,) and also some low-boiling paraffins. This must not 
under any circumstances be mixed with the 90’s benzole fraction which follows the 
“fronts,” but allowed to run into a separate receiver for further treatment. The 
carbon disulphide can be removed by chemical means (see Chapter XIII, page 275), 
and if this is done, then the quantity of ‘ fore-runnings’”’ wiil not be so great and the 
quality will be enhanced. When the distillate at the worm end reaches a specific 
gravity of -890 to -898 at 60° F., or shows a drop point of about 70° C. when tested 
in a retort, the tap on the “ fore-runnings ”’ or “ fronts’ main is closed, and that 
on the 90’s benzole main opened, in order that the condensate may run into the 
90’s benzole tank. Distillation is now proceeded with until a sample collected from 
the worm end, and submitted to a test in the chemical laboratory, does not begin 
to distil until 100° C. is reached. If ‘‘ standard benzole ”’ is required the drop-point 
should be about 88°C. It is, of course, necessary to make tests in the laboratory 
from time to time in order to guide the stillman. When the point just mentioned 
is reached, the flow of the distillate 1s cut off from the benzole tank and allowed to 
run into another receiver for working up with washed once distilled or crude solvent 
naphtha. In some works the 90 per cent. at 160° solvent naphtha fraction from 
washed crude solvent is run into this receiver. From the “cutting”’ point 100° C. 
[or 88° C.], distillate is collected until a test from the worm end does not commence 
to boil until 130° C. is reached, when the distillation is generally stopped, and the 
residue either run to a storage tank to await treatment with further bottoms, or on 
to it is charged some washed crude solvent. Instead of finishing at 130° C. a 90’s 
toluole fraction can be obtained after the 90’s benzole, see page 287. 

If it is desired to produce 50’s—90’s benzole, then the 90’s benzole fraction 1s 
cut a little earlier (about the point when a sample from the worm end on testing 
shows no distillate until a temperature of 95° C. is reached) and a fraction collected 
from this point until one is reached at which the distillate, when tested in the 
laboratory, does not commence to boil until about 120° C. is reached. This fraction 
is run to a special 50’s—90’s tank, to be dealt with later. Sometimes this quality of 
benzole is made by adding to the fraction collected some lighter material. At 
times, however, the fraction itself will yield benzole answering to the tests required, 
2.e. 50 per cent. at 100°C. and 90 per cent. at 120°C. The residue in the still is 
removed to a storage tank to await treatment with other bottoms, or else washed 
crude solvent is charged on to it. 

With reference to the methods of making 90 per cent. toluole and also com- 
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mercially pure benzene, toluene, and xylene, a brief description is given a little 
further on. ) 

The washed crude solvent is charged into an empty rectification still, or else 
on to the residue from a distillation of crude benzole. Distillation is commenced by 
the use of closed steam, and the first fraction is collected until a sample taken from 
the worm end and tested in the laboratory begins to boil at about 100°C. This 
fraction is generally run into the crude benzole storage tank for working up with 
another batch. For some classes of benzole, however, this fraction may be run into 
the 90’s benzole receiver. It is necessary to introduce open steam shortly after the 
distillation commences, but it is not advisable to do this until absolutely essential, 
and when it is the steam must not be turned on too rapidly. If it is desired to make 
90 per cent. at 160° C. solvent naphtha, the end of the next fraction is determined 
when a sample tested at the worm end shows a specific gravity of about -895 at 60° F., 
or, if submitted to a distillation test in the laboratory, does not begin to boil until 
160° C. is reached. It is advisable when working for this, and even other qualities 
of naphtha, to occasionally test the material in the receiver after a thorough stirring 
up. For instance, in the case of solvent naphtha, to find what percentage is given 
off at 160° C.; in fact, some stillmen prefer to have their tank tested for the per- 
centage of distillate yielded at 160° C., as the collection of this fraction comes to a 
close, rather than making tests at the worm end. It is necessary, of course, to 
discontinue running the distillate into the solvent naphtha tank as soon as the 
contents of that tank yield 90 per cent. at 160° C. when tested in a retort. 

If it is desired to produce a solvent naphtha possessing a distilling range be- 
tween 135° and 160° C., then a “ toluole-xylole ” fraction must be removed. betore 
running the distillate into the solvent tank. This fraction is run between the points 
at which the distillate from the worm end gives a drop test of 100° and 130° C. 
The special solvent naphtha fraction is then collected and discontinued when the 
drop test of the distillate from the worm end shows 160° C. | 

After the solvent naphtha fraction has finished coming over, the distillate is 
turned into another receiver. This fraction yields what is known as heavy naphtha, 
and the quality of this naphtha will vary according to how far the distillation 1s 
carried, or whether one or more fractions are collected. If it is desired to make a 
very heavy naphtha, giving about 60 per cent. at 190° C., then the distillation 1s 
finished when a sample at the worm end shows a specific gravity of -980 to -990 
at 60°F. Other qualities of heavy naphthas may be prepared by stopping the 
collection of the distillate at an earlier point. The residue left in the still is either 
run to creosote or else to a special tank, to be worked for naphthalene. 

If it is desired to manufacture from the crude solvent fraction a naphtha possess- 
ing a flash-point of 75° F. (Abel’s closed test), and giving 90 per cent. at 160° C., 
then the following method is adopted. The distillation is commenced and the 
lighter portion is turned into the crude benzole tank, as already described, and 
then a further fraction is collected until a test of the material taken from the worm 
end shows no distillate until 132° to 134° C. is reached. This fraction is run into a 
special tank for re-distillation, or into the solvent naphtha tank, according to con- 
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ditions obtaining in the works. The distillation is continued from this point until a 
sample collected from the worm end does not begin to distil until about 160° C. is 
reached. This fraction will give a 75° flash naphtha with a distillation test as 
already mentioned. The remaining material in the still may be worked for heavy 
naphthas. 

Should it be required to manufacture a solvent naphtha yielding 90 per cent. 
at 165° C. and possessing a flash-point of 85° F., then the crude solvent is worked 
first of all for the lighter fraction, as mentioned above, and then a second fraction 
is taken off, the end of which is determined when the distillate at the worm end, 
on testing in the laboratory, does not begin to distil until between 138° and 140° C. 
Between this point and that at which the distillate at the worm end when tested 
yields 45 per cent. at 165°C. the desired fraction is obtained. The residue in the 
still is worked for heavy naphthas as previously described. 

In making these two qualities of solvent naphtha, a great deal will depend 
upon the rate of distillation, construction of fractionating column, etc. The slower 
the rate of distillation the larger the quantity of special material obtained from the 
charge. It is a very good plan to collect the fraction in, say, 50 or 80-gallon drums, 
as this will avoid the risk of spoiling the whole. A sample may be taken from each 
drum, bulked and tested, and then, if necessary, the contents of certain drums 
may be cut out before bulking. 

Commercial toluole yielding 90 per cent. at 120° C. is obtained as a rule from 
crude benzole. This fraction is collected between the point at which a sample of the 
distillate, when tested, yields nothing until 100° C. is reached, and a further sample 
when tested does not commence to distil until 118° C. is attained. This point will 
vary a little according to the quality of the crude benzole. 

In the manufacture of commercially pure benzene, toluene, and xylene, the 
method of procedure has to be varied somewhat, it being necessary first of all to 
distil the crude benzole into three fractions, and then to re-distil these fractions. 
In the first distillation the crude benzole is separated into a “fronts ”’ fraction in 
the manner already described, and then a first fraction is collected until a test of 
the distillate leaving at the worm end yields nothing until 95° C. is reached. The 
second fraction is collected between this point and that at which a sample of the 
distillate collected from the worm end and tested does not begin to distil until 
120° C. is reached. A third fraction is now collected between the “‘ change over ” 
points just mentioned (120° C.) and when the condensate at the worm end com- 
mences to distil at 155°C. This fraction is used for the manufacture of com- 
mercially pure xylene. The residue is run to a storage tank to be worked! up at 
another time with solvent naphthas. 

The first fraction is submitted to a further distillation in a still provided with 
a dephlegmator. It should be added here that if desired the crude benzole need not 
be washed before the first distillation, but the washing be carried out on this fraction 
and the second fraction obtained in the manner already mentioned. In washing 
like this, less resinous material is obtained and generally a better quality of product 
is secured. During the distillation of the first fraction for commercially pure benzene, 
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it is necessary to keep the water in the dephlegmator at a temperature of about 45° C. 
It is essential to separate a little “ fore-runnings,”’ working the still slowly during 
this process and “‘ changing over’ when a sample collected at the worm end and 
tested does not commence to boil until 80° C. is reached. The process is continued 
and the distillate, and also the contents of the receiver, are tested throughout the 
operation in order to keep the fraction as close as possible to the desired distilling 
range, viz. one which will yield 95 per cent. within about three-quarters of a degree. 
The finishing-point is generally determined when a sample of the distillate collected 
as it leaves the worm end and tested does not yield a drop until 81-5° C. is reached. 
Another quality of commercially pure benzene which drops at 79-5° C. and distils 
all over under 1° is prepared by collecting a fraction between the points at which a 
sample collected at the worm end and tested drops at 79° C. and another sample 
which when tested drops at about 80-5°C. Some manufacturers prefer to collect 
the distillate in 50- or 80-gallon drums, and then test the drums and make a suitable 
mixing. This is a very satisfactory method. Commercially pure benzene should 
commence to boil at 80-5° C. and yield 95 per cent. at about 81:3° C. 

The second fraction obtained from the crude benzole is worked up together — 
with any residue from the first fraction for commercially pure toluene. This charge 
is worked comparatively slowly until a sample collected at the worm end and sub- 
mitted to a distillation shows an initial drop at about 109-5°C. At this point the 
distillate is “changed over” and the fraction just obtained may be worked up 
with other material for commercially pure benzene. During the working off of this 
fraction the water in the dephlegmator should be kept at about 45°C. From the 
‘change over ”’ point just mentioned, distillation is allowed to proceed at a some- 
what faster rate, but careful control of the steam supply to the still must not be 
relaxed. Distillation is carried on until a sample collected at the worm end and 
tested does not begin to boil until a temperature of 110-5° C. is reached, when the 
operation is discontinued and the bottoms used for the manufacture of commercially 
pure xylene. During the working off of the toluene fraction the water in the 
dephlegmator is kept at about 100°C. Another method of working for the com- 
mercially pure toluene fraction is to commence collecting when a sample taken from 
the worm end and tested commences to distil at 109° C. (or 110° or 111° C.), and 
then work the still very carefully until the distillate as it leaves the worm end ceases 
to yield 95 per cent. within 0-8 of a degree from the chosen collecting point. The 
distillate may be collected into one tank and frequently tested during the operation, 
or else in drums which are dealt with as described under commercially pure benzole. 
Commercially pure toluene may also be manufactured from 90 per cent. toluole by 
a similar method to that just described. It should commence to boil at 111° C. and 
yield 95 per cent. at about 111-8°C. Some buyers demand a grade which drops 
at 109° C. and yields 95 per cent. at 110° C., others one which drops at 109-8° C. 
and yields 95 per cent. at 110-8° C. 

Commercially pure xylene is obtained from the residue left from the distillation 
of pure toluene and from the third fraction from crude benzole (see page 287). This 
mixture is worked up in a still provided with a dephlegmator, but almost all the 
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water in the dephlegmator is removed so that the remainder will be converted into 
steam. The fraction collected for pure xylene comes over between the point at 
which a sample collected at the worm end and tested in the laboratory does not 
distil until a temperature of about 136-5° C. is reached, and that at which a further 
sample when tested shows no distillate below about 139° C. These points will vary 
a little according to the grade required, and the attention of the student is called 
to the fact that working for commercially pure xylene is a somewhat difficult 
matter. This product is a mixture of ortho-, meta-, and para-xylenes, and varies 
a little in test. A frequent requirement is, boiling-point 136-5° C., 95 per cent. off 
at 139-5°C., and another, boiling-point 136° C., 90 per cent. off at 139-5°C. and 
95 per cent. off at 140-5°C. Yet another, boiling-point 138°C., 95 per cent. at 
142°C. os 

In making these pure products, great care 18 necessary as regards the speed at 
which the stillis worked. The steam supply must be so regulated that priming does 
not take place. The water which is passing through the dephlegmator must be kept 
at a constant temperature. It is necessary that the material should be thoroughly 
washed with acid, etc., before charging into the still. The best results are obtained 
if the still is provided with high-pressure closed steam, so as to reduce the employ- 
ment of open steam to a minimum. 

It is important to bear in mind that if a paraffinoid crude benzole is to be 
passed through the plant for the purpose of working for commercially pure benzene, 
etc., then great care must be given to the operations of washing, distillation, and 
dephlegmation. In regard to washing with acid, this must be more drastic than 
usual, and it will naturally involve a larger loss, chiefly in removing unsaturated 
paraffinoid bodies. Distillation must be carried on at a very slow rate during 
the working off of fore-runnings and intermediate fractions (a process known 
as “sweating off’), and greater attention to dephlegmation is_ necessary. 
It will be found that the “change over” points will be less definite, and on 
this account a larger amount of fore-runnings and intermediates will be obtained 
than with a crude benzole which is practically free from paraffin bodies. Also 
it should be noted that the commercially pure distillates will not be paraffin 
free. 

For the guidance of the student the following average figures, showing the 
cost of labour, chemicals, and steam to produce 1 gallon of rectified material, are 
given. It must be clearly understood that figures like these will vary in different 
works according to local conditions, state of the chemical market, etc. To produce 
1 gallon of 90’s benzole, 0-48d.; 1 gallon of 90 per cent. at 160° solvent naphtha, 
0-56d.; and 1 gallon of heavy naphtha, 0-59d. These are pre-war figures, and in 
order to bring them up to present-day standards the necessary percentages for 
increased labour charges, etc., must be added. 

Some useful information on the temperature of spontaneous ignition of mixtures 
of benzole and petrol is given by H. Moore in the Gas Journal.1 The following 
table gives the ignition-points of some of these mixtures :— 

1 Gas Jour., 1920, 149-245. See also J.S.C.I., 1920, 217A. 
U 
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Benzole Petrol Ignition 
per cent. per cent. point. 

100 0 630° C. 

90 10 481°C. 

80 20 303° C. 

70 30 290° C. 

10 90 283° C. 

0 100 20 25G. 


An interesting and useful chapter on “‘ Benzole as a Motor Fuel ”’ will be found 
in Whitehead’s Benzole,1 to which the reader is referred. Additional particulars 
will be found in a paper by J. C. Mackie. ? | 


1 Benn Bros., Ltd., 8 Bouverie Street, London, E.C. 4. 12s. 6d. net. 


9 


2 “Use of Benzole and Benzole Mixtures as Motor Fuel,’’ Canadian Chem. Jour., 
1919, 3, 295-297. See also J.S.C.I., November 15th, 1919, 808A. 


CHAPTER XV 


PLANT FOR THE WORKING UP OF PYRIDINE FROM 
PYRIDINE ACID 


THE plant required for the working up of pyridine acid for pyridine will be dealt 
with under two heads, viz. : (a) That required for the manufacture of crude pyridine, 
and (b) that for the manufacture of rectified pyridine. Dealing with the plant for 
the manufacture of crude pyridine, there are several methods in vogue. One of 
these is to manufacture the crude pyridine during the process of making ammonium 
sulphate. This process requires a plant similar to that used for the manufacture of 
the latter material, as far as the still, liming apparatus, saturator, or cracker box, 
etc., is concerned. The cracker box is charged with diluted and clarified pyridine 
acid of a strength of about 50° Tw. instead of diluted B.O.V. A connection is fitted 
to the cracker box to conduct away the aqueous pyridine vapours that distil off 
owing to the heat of chemical reaction between the ammonia and the sulphuric 
acid, which is in loose combination with the pyridine bases. These vapours are 
conducted to a suitable condensing coil, and from there to a pyridine water-tank, 
and the poisonous non-condensable gases are conducted away for treatment by 
one of the approved methods. The weak pyridine water is allowed to rest, any oil 
which separates is skimmed off, and the pyridine water is then distilled until about 
one-third of its volume has been collected. From this point the plant and process 
resembles that described in this and the following chapter. 

For the working up of pyridine acid by a more general process than that just 
described, the following pieces of apparatus are required : Lead-lined wooden tanks 
for the dilution of the pyridine acid; a large egg; a still constructed of wrought 
iron or mild steel and provided with suitable fittings ; a condenser coil and tank ; 
a pyridine water-receiving tank; a pyridine springing and drying tank; one or 
more caustic soda tanks ; a lime mud tank; and suitable staging, tackle, etc. 

The lead-lined tanks, or tanks for dealing with the pyridine acid, may be of 
any suitable shape, and constructed of wood or mild steel, lined with, say, 5 lb. or 
7 lb. chemical lead. If convenience will allow, they should be fairly deep, in order 
to render easier the skimming off of the resinous matter which comes to the top 
during the process. They may be erected on the ground level, and provided with 
a connection near the bottom for running off the clear pyridine acid into the egg. 

The egg may be constructed of wrought iron or mild steel, and, if desired, lead- 
lined. In the author’s experience a mild steel egg has proved quite suitable, and very 
little corrosion seems to take place, provided it is well drained and steamed out after 
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each operation. The size of the egg will vary a little, according to the bulk of material 
which has to pass through it ; but a good average capacity is 400 gallons. It should 
be provided with a pressure gauge; safety-valve; a l-inch air inlet; a 1-inch 
steam inlet ; a 2-inch outlet-pipe, which dips into a small dish made in the lower 
part of the egg and almost touches the bottom; a 2-inch pyridine acid inlet ; and 
at the bottom on one end a I|-inch drain-pipe and valve. 

In order that the diluted pyridine acid may run into the egg by force of gravity, 
this piece of apparatus should be erected just below 
ground level. It is advisable to dig a sump deep 

ee gaat enough to allow a three-gallon bucket to be placed 
git 1G gi below the drain-pipe. The hole into which the egg 
Pee ed is placed, and also the sump, should be brick-lined, 
and just sufficient space allowed in order that the 
sides of the apparatus may be inspected: about 4 
inches clearance is sufficient. It 1s advisable to 
keep this piece of apparatus just off the bottom, 
supporting it at intervals on non-absorbent bricks 
which have been treated with an iron protective 
compound. It is a good plan to coat the whole of 
the outside of the egg with a bituminous iron pro- 
tective paint, to prevent rusting. 

For the distillation of dilute and neutralised 
pyridine acid, a still (Fig. 106) constructed of 
wrought-iron or mild steel plates, about 4 inch 
thick, is quite suitable. The bottom of the still 
may be dished, or, better, of the shape of an 


VAPOUR PIPE 


ieee aes See. inverted cone. At the bottom of the dish or the 
pt re apex of the cone a 12-inch treacle valve or gate 
valve is fitted. It will be found that a still with a 

(( cone-shaped bottom will discharge the lime mud 

——~ : easier than any other shape. The dome of the still 

—— is constructed with a slight rise, and on its centre 


ere ca a 
tn le ail is fitted a cast-iron swan-neck stool and swan 


we Fe ity aise Bee Distro eek nt desired, however, a 3-inch wrought-iron pipe 
or NEUTRALISED Pyripine Acip. may be used instead of the swan neck and swan-neck 
stool for the purpose of conducting the vapours to 

the condensing coil. A manhole 18 inches by 12 inches and a draw-up lid must be 
arranged for on the dome of the still. The charge-pipe will enter the dome of the 
still and should project a little on the inside ; close to the point of entry should be 
fitted a cast-iron gland cock. A steam-pipe also enters the dome and runs almost 
to the bottom, where it is connected to an open steam coil. This coil will have 
to be arranged according to the shape of the bottom; it is advisable to place it as 
near the bottom as possible, and also, if it can be managed, to arrange for two laps. 
The diameter of this coil and the steam-pipe supplying it will vary according to the 
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size of the still. As a precaution, a small safety-valve of suitable type may be fitted 
to the still dome, or to the swan neck. In order to wash away any lime slurry which 
may lodge on the bottom, particularly near the steam coil, it is as’ well to provide 
a l-inch or 13-inch water supply, to which may be connected a piece of flexible 
hose. After the still has been discharged and is cool, water may be played by means 
of the hose through the manhole, and by this means the still can be washed out 
thoroughly after each operation. 

Connected to the vapour pipe of the still is a condenser coil, composed of a 
number of laps of wrought-iron pipe, circular in plan. This coil will vary in diameter 
according to the size of the still to which it is fitted. For instance, a still of a total 
capacity of about 1,500 gallons would require a condensing coil of 3 inches in diameter 
and about 150 feet long. The distance between each lap should be not less than 
4 inches, in order to allow a free circulation of water, and the distance between the 
edge of the condenser coil tank and the outside edge of the coil about 6 inches. 
A cylindrical wrought-iron tank constructed of 4-inch plates is used to contain the 
coil. This tank is provided at the top with a water outlet and a water supply pipe, 
which should reach to within about 2 inches of the bottom. The end of the con- 
denser coil may be put either through the bottom or the side of the tank, and is 
connected up to a delivery direct into the pyridine water receiver. It is as well 
to place at the bottom of the condenser tank a l-inch drain tap, in order that the 
water may be removed if the tank or the coil require repairing. 

For the collection of the pyridine water which runs from the condenser coil; 
a square, cylindrical, or rectangular tank may be used, according to convenience. 
This tank may be constructed of wrought-iron or mild steel plates, and covered in 
at the top with a wooden cover, which can be easily removed. It must be provided 
with a 2-inch run-off tap. In many cases it 1s convenient to use this receiver for the 
purpose of separating the pyridine from the water and afterwards drying it. If it 
is not convenient to do this, then a further tank will be required. This tank will, 
of course, have to be connected to the receiver and provided with two 2-inch run-off 
taps, one for the removal of spent soda and the other for dried pyridine, and also 
an inlet pipe to convey caustic soda to the contents of the tank during the drying 
operation. It may be constructed of mild steel plates, or of wood, lead-lined. 

In the process of drying pyridine, strong caustic soda lye is required, and it is 
necessary to provide a tank for holding this. A further tank will be required, into 
which the dilute caustic soda lye may be run after the operation. If solid caustic 
soda is used to prepare the strong solution, then the strong lye tank must be pro- 
vided with a grid, the bottom of which must be just covered with water when the 
tank is, say, three-parts full. This grid is required to support the split drum of solid 
caustic soda. The process of dissolving will go on mechanically, especially if a small 
open steam coil is placed in the tank and the water warmed. Some manufacturers 
prefer to use liquid caustic soda of 90° Tw. If this material be employed, then it 
is not necessary to place a grid in the’strong lye tank, as this quality of soda may 
be run out of the drums into the tank. In order to transport the strong caustic 
soda lye into the pyridine drying tank, an egg or blow boiler is required (some 
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prefer to use a pump, but this plan cannot be recommended). If convenient, the 
weak pyridine acid egg may be employed for this purpose. If this method is not 
convenient, then a rather smaller egg may be put in. 

A tank is required into which the lime slurry from the pyridine still may be 
run after the completion of an operation. This tank should be placed immediately 
underneath the still, and constructed of sufficient size to contain with ease the whole 
of the lime slurry from one operation. As this slurry is generally very wet, and a 
certain amount of water is dropped on to it during the washing down of the still, 
it is a good plan to build into the tank a filter bed, similar to that described in the 
manufacture of caustic soda (Chapter X, page 220). This will materially assist 
in the separating of the water from the slurry. The slurry is dealt with in a very 
similar fashion to the lime mud from the causticisers, and should it be necessary, 
owing to circumstances, to produce a very stiff mud before removing from the 
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RECOVERY PLANT FOR CRUDE PYRIDINE. 
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works, then a centrifugal machine may be required to deal finally with the 
material. 

With reference to the position of the various pieces of plant described, it is 
necessary that the still be erected of sufficient height to allow the condenser coil 
and tank, and also the pyridine water and drying tanks and the lime slurry tank, 
being placed above ground level. The pyridine drying tank should be of such a 
height from the floor that drums, carboys, or barrels may be filled from it by force 
of gravity through the run-off tap. The lime slurry tank may be placed on the 
ground level, or a little above it, according to convenience. The caustic soda tanks 
should be on the ground level, and the egg, if one is put in for dealing with the 
caustic soda lye, placed in close proximity to the tanks and just below ground level. 
Over the caustic soda tanks and the pyridine drying tank a runway is erected, on 
to which a chain block and pulley is fitted for the purpose of hauling up caustic 
soda drums, etc. Necessary staging, made of iron, may be erected round the tanks 
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for the convenience of the workmen attending the process. Fig. 107 shows diagram- 
matically one method of arranging the plant. 

For the rectification of crude dried pyridine, the following are the chief pieces 
of plant required: A wrought-iron or mild steel still with fittings ; fractionating 
tower ; condenser coil and condenser tank; receiver or receivers (some prefer 
working into small drums or carboys), and one or more bottoms tanks. 

The still may be constructed of 4-inch plates. The bottom is best built concave 
and connected to a channel plate in a similar manner to that described under tar 
stills. A suitable run-off or tail pipe is fitted to the still for the discharge of bottoms. 
The dome of the still should have a slight rise, and in the centre of it a swan-neck 
stool and swan neck are fitted. A charge-pipe is connected to the still at the top, 
and it is also provided with a manhole and draw-up manlid. It is advisable to fit 
a safety-valve to the still. The still settings, flues, fire-place, etc., are built in a 
similar fashion to that described under tar stills; but it must be borne in mind 
that the top of the flue must be just below the level of the liquid left in the still at 
the finish of the operation, otherwise there is a risk of the still plates getting burnt. 

Connected with the swan neck is a small fractionating tower or column. This 
tower may be cylindrical in shape and built of wrought iron, and inside a series of 
‘perforated plates are fitted. The number of these plates need not be large, say, 
between 10 and 15. One constructed on a similar plan to that shown in Fig. 98 
will prove quite suitable. The column is provided at the bottom with a U return 
pipe, which is led into the still, and at the top with a vapour pipe which is con- 
nected to the condenser coil. | 

With reference to the condenser coil, this is best constructed of lead. It should 
be properly stayed inside the condenser tank, which is constructed of wrought iron. 
The usual water supply and outlet arrangements and drain tap are fitted to the 
tank. The end of the coil is connected to a small observation tank, which may be 
constructed of wood and lead-lined, and provided with an outlet, which may lead 
to receivers, or through which the distillate can be run into carboys or drums. 

Tanks for the storage of still bottoms may be constructed of wrought-iron or 
mild steel plates, and built of any suitable shape. They must be covered and pro- 
vided with a manhole and lid, charge-pipe, discharge-pipe, and air outlet. The 
latter is necessary to let out the air when running in the bottoms. These tanks 
may be placed in any suitable position near the still, according to convenience. 


CHAPTER XVI 


THE RECOVERY AND RECTIFICATION OF 
PYRIDINE BASES 


PYRIDINE bases as recovered from coal tar consist of a mixture of aromatic bases 
corresponding to the general formula CnH,n—;N, of which the chief are pyridine, 
picolines, lutidines, and collidines. 

Pyridine, C;H;N, is a colourless, mobile liquid, possessing a peculiar, un- 
pleasant odour. Its specific gravity at 0°C. is 1-0033, at 15°C. 0-9855, and at 
25° C. 0-976. It forms colourless crystals which melt at less than —100°C., and 
it boils at 116° C. (corr.). In water, alcohol, and ether it is soluble in all proportions, 
and it turns red litmus blue. Pyridine is represented by the following constitutional 
formula :— 





It is very stable towards oxidising agents such as nitric and chromic acids, even 
when boiling, and is only with difficulty attacked by the halogens. If heated to 
330° C. with a mixture of concentrated nitric and sulphuric acids, B-nitro-pyridine 
is formed, in the shape of colourless, needle-like crystals possessing a melting- 
point of 41°C. and boiling at 216°C. Boiling with concentrated sulphuric acid 
yields a sulpho compound. 

Pyridine is a strong tertiary base, and 1 forms crystalline salts with one equiva- 
lent of a mineral acid such as the sulphate (C;H;N),, H,SO,, and the hydrochloride, 
C;H;N,HCl. With platinum chloride it forms 2 double salt, (C;H;N,HCl),PtCl,, 
which crystallises in orange-yellow needles, melting at 240° C. and dissolving with 
ease In water. On prolonged boiling this solution deposits a very sparingly soluble 
yellow salt of the formula (C;H;N),PtCl,. Pyridine reacts with methyl iodide, » 
forming pyridine methiodide, C;H;N,CH;I, and, like ammonia, it blackens mer- 
curous chloride. When pyridine is added to a solution of ferric chloride it gives a 
precipitate of ferric hydrate. 
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Pyridine, if pure, can be readily sulphonated by heating it with sulphuric acid 
in the presence of vanadyl sulphate. Pyridine forms a loose combination with 
phenol, known as pyridine-phenoxide, having the formula C,H;0H,C;H;N. 

According to Mackenzie? pyridine forms a definite hydrate with water, which 
boils at 94-4° C, 

Goldschmidt and Constam,* on examining a mixture of bases obtained from a 
coal tar distillate, discovered 2 molecular compound of pyridine and water having 


the formula :— C.H.N,3H,0, 


This substance possessed a specific gravity of 1-0219, and a boiling-point of 92° 
OL 0a. ae | 

On a very energetic reduction with hydriodic and at 300° C., pyridine yields 
normal pentane and ammonia. 

Hans Meyer and Alice Hoffmann-Meyer‘ finds that pyridine is decomposed 
when exposed to a temperature corresponding to bright red heat, yielding mainly 
2 :2’—dipyridyl having a melting-point of 69°C., and also small quantities of 
2:3’—and 2: 4’—dipyridyl. 

Pyridine in comparatively dilute solutions (1 : 700) has the power of coagulating 
albumen, and it is stated by some that on this account it possesses strong bac- 
tericidal properties. The author disagrees with this on account of a large number of 
bacteriological experiments which he carried out on disinfectants which contained 
pyridine bases, giving low results when examined by the Rideal-Walker test. 

The three picolines or methyl pyridines, CH,-C;H,N, possess many properties 
in common with pyridine. They are represented by the following constitutional 
formule :— 


CHs 
C 





CHsC & “CH Hc “OcH Hce OCH 


N N N 
a-picoline. B-picoline. y-picoline. 


The first or a-picoline has a specific gravity of 0-9613 at 0° C. and of 0-9526 at 10° C. 
It boils at 133-5° C. (corr.), and is oxidised by potassium permanganate to picolinic 
acid, C;H;N-aCOOH. The f-picoline possesses a specific gravity of 0-9762 at 0° C., 
and it boils at 143-5°C. On oxidation it yields nicotinic acid, C;H,N-B-COOH. 
The last of these isomers, y-picoline, has a specific gravity of 0-9742 at 0°C., it: 
1 Ger: Pat. 160,104. - 
2 Jour. Ind. Lng. Chem., 1909, p. 360. 


* Berl. Ber., 1883, p. 2976. 
4 Jour. Pr. Chem., 1921, 102, 287-294. 
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boils at 142-5-144-5°C., and on oxidising is converted into isonicotinic acid, 
C;H;N-y-COOH. 

There are six isomeric dimethyl pyridines or lutidines (CH,),C;H,N, five of 
which have been discovered in the bases from coal tar. These are: aa’ lutidine, 
having a specific gravity of 0-9420 at 0° C., and boiling at 142°-143° C.; a y lutidine, 
with a specific gravity of 0-9493 at 0° C., and boiling at 156°-157° C.; a f lutidine, 
possessing a boiling-point of 162°-163°C.; a fp’ lutidine; f y lutidine, boiling 
between 163°-164° C. 

The isomeric trimethyl pyridines or collidines are represented by the formula 
C;H,(CH,),N ; and 1 -3 5 collidine possesses a specific gravity of 0-917 at 15° C., 
and it boils at 172°C. (corr.). The 1 :3 -4 isomer boils at 165-168° C. (corr.). 

The pyridine acid as it is run off from the bottom of the washing tanks con- 
tains, in addition to pyridine bases, oily and resinous substances, and it 1s necessary 
to separate these substances before the pyridine can be recovered. This is done 
by adding clean water, with thorough stirring, and the amount added is, as a rule, 
about the same bulk as that of the pyridine acid. Some prefer to work to a specific 
gravity, and if this is done it will vary between 40° and 45° Tw. It should be borne 
in mind that unless sufficient water is added, some of the oil and resinous matter 
may be retained in the pyridine acid, and if this does happen the whole batch of 
erude pyridine will be spoilt. It is far better to slightly over, than under, dilute the 
pyridine acid. A point worth bearing in mind is that sometimes the first wash 
water (after the acid washes) from the benzole and naphtha may contain some 
pyridine bases, and therefore this water may be used with advantage to dilute the 
pyridine acid. 

After the addition of the water, and a thorough stirring, the contents of the 
tank are allowed to rest for some hours. It is advisable, if it can possibly be managed, 
to allow the contents of the tank to rest overnight ; the longer the period of rest 
the more complete the separation of oily and resinous matters. When these sub- 
stances have completely separated, they are skimmed off the subnatant clarified 
pyridine acid. Should the mass be heavy and resinous in nature, it 1s usually burned 
at the steam boilers. If, however, it is oily and will flow, it may be mixed with 
creosote oil, or if it appears to be composed to a large extent of unaltered benzene 
hydrocarbons, then it may be mixed with crude oils. If it is mixed with creosote 
or crude oils, care must be taken that no acid liquor is removed with it. 

It is wise to submit a sample of pyridine acid to a test in the laboratory to see 
whether it is saturated with pyridine bases. If it is not, it may be used as a first 
wash on a fresh oil, after it has been diluted a little, and the oily and resinous matter 
skimmed off. By this means a further quantity of pyridine bases will be taken up, 
and generally a complete saturation obtained, at the same time very little oily or 
resinous matter is picked up. Pyridine acid of this nature must, however, be put 
through the same process of dilution as that already described before working up 
for the recovery of bases. 3 

A useful point to bear in mind is that the condensed water from a steam dis- 
tillation of once-distilled light oil contains some pyridine bases. When it is con- 
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venient, this water should be used to dilute the pyridine acid. The following details 
of an actual distillation will illustrate this point :— 

Once-distilled ight oil charged into the still and submitted to distillation by 
steam, the volume being 1,200 gallons. 














Rate of distillation. 
Time. Pyridine bases 
in water. 
Water. Oil. 

Hour. Gall. per hour. Gall. per hour. Per Cent. 

Ist ] 100 1-3 

4th 25 75 1-5 

9th 45 50 0-65 
12th 55 20 trace 


Volume of pyridine bases in the bulked water, 2-73 gallons. 

Amount of pyridine bases removed from the oil by water, 0-228 per cent. 

The clarified pyridine acid is run from the bottom of the diluting or treatment 
tank into the acid egg. In the meantime the still is charged with a quantity of 
quicklime. The quicklime is slaked while in the still, and the mass thoroughly 
boiled up with open steam, the manlid, of course, being closed prior to the boiling 
operation. When the lime-milk is thoroughly heated, the pyridine acid in the egg 
may be blown into the still. The pyridine acid should not, under any circum- 
stances, be introduced into the still first, as owing to its more or less acid nature 
it is apt to act upon the metal, and also as the reaction with lime commences at 
once the addition of this material last will make the operation obnoxious and may 
result in some loss. It will generally be found that the distillation commences 
almost as soon as the contents of the egg have been discharged into the still, and 
on this account care must be taken when introducing open steam into the still, 
otherwise there is a risk of blowing over some of the contents into the coil and 
receiving tank. The water flow through the condenser tank must be started before 
charging the pyridine acid on to the lime-milk. Immediately the acid egg is dis- 
charged it is advisable to open the drain cock and thoroughly drain, and then 
cleanse by blowing open steam into the egg for a short time. 

The rate of distillation is controlled so that the distillate (which consists for 
some considerable part of the operation of a solution of pyridine bases in water) 
flows from the worm end in a stream about the thickness of three fingers placed 
together. This distillate should leave the condenser coil at the beginning per- 
fectly clear, not cloudy. There are times when a slight cloudiness appears, which 
clears up in, say, about ten minutes. If, however, the cloudiness persists for any 
considerable length of time, then it is an indication that an excess of oily matter 
has got into the still with the pyridine acid. In a case like this, there is nothing 
to do but finish the distillation and recover the pyridine, as will be described shortly, 
dissolve it in dilute acid, and allow the oil to separate and then skim off, after which 
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the clarified pyridine acid will have to be submitted to another distillation. To- 
wards the end of the distillation it will be noticed that the distillate leaves the 
worm end cloudy. This cloudiness is not due to oily material, but to heavy pyridine 
bases which are not soluble in water. These bases are worth recovering, but are 
not so valuable as the soluble ones, and the distillation is continued for some little 
time after the appearance of the cloudiness which indicates their presence. The 
best method of obtaining the point at which the distillation should be discontinued 
is to examine by a rough test a sample of the distillate as it leaves the worm end 
for the percentage of pyridine bases. This test is carried out as follows. Two 
hundred c.c. of the distillate are run into a separating funnel and “sprung” with 
about 80 c.c. of 90° Tw. caustic soda. After a short rest the under-lye is removed 
and a further quantity of 90° Tw. caustic soda (about 50 c.c.) added. The lot is 
well shaken, allowed to rest, the under-lye removed, and the bases run into a 
craduated measure. 

If it is desired to recover all the heavy bases possible, then the distillation 
should cease when about $ per cent. is present in the distillate; otherwise the 
operation is brought to a close when 1 per cent. of bases are present in the distillate 
as it runs from the worm end. The length of time which a still may run between 
1 and $ per cent. 1s sometimes considerable, and it may cost in many cases more 
for steam, etc., than the heavy bases which are recovered are worth. In addition 
to this, there is such a large volume of water distilling into the pyridine water tank 
that a very considerable amount of soda will be required to throw the whole of the 
pyridine bases up, and this will result in a very weak recovered caustic lye, which 
may require concentration before it can be used in the works for any other purpose. 
With further reference to this point, some distillers prefer to collect heavier bases 
in a separate tank and spring them separately with soda. Throughout the 
whole operation the distillate should leave the worm end at a temperature below 
(faye ls. 

Details of an actual working will, no doubt, be of use to the student. 

Charge of diluted and clarified pyridine acid into still, 350 gallons. Distillation 
commenced at 12 noon. Pyridine bases in distillate estimated with 90° Tw. caustic 
soda lye. 











; Percentage of bases Pr aX 
Time, in distillate at worm Aistllation Remarks, 
end. ist1llat1ion, 
12-15 56 
12-30 48 
12-45 43 Heavy bases ap- 
1-00 31 peared at 1.30 p.m. 
2:00 10 110 gal. | At 3 p.m. 292 gals. 
3-00 4 per hour | of distillate collected. 
3-45 2 At 4 p.m. 400 gals. 
4-00 1-2'=1-03 dried collected. 
bases 
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It is advisable to discharge the contents of the still through the gate valve at 
the bottom into the tank underneath very shortly after the operation of distillation 
is finished. If this is not done, there is a tendency for the lime residue (this consists 
chiefly of a mixture of calcium sulphate and unreacted-upon lime) to settle on to 
the still bottom and sides into a dense mass which is difficult to remove. As soon 
as possible after the discharge of the lime mud, the manhole should be opened and 
the sides and bottom of the still washed down with cold water. The mud, after 
draining by filtration or any other method found suitable in the works, is either 
taken to a “tip” or got rid of in any other convenient manner. 

With reference to the quantity of lime required for a distillation of clarified 
pyridine acid, this will vary somewhat according to the amount of sulphates of the 
bases present. It is as well to submit a small quantity to an examination in the 
chemical laboratory for the amount of sulphuric acid, and then calculate the quantity 
of lime required for neutralisation. A slight excess over this quantity is generally 
added. As a guide 500 gallons of clarified pyridine acid, at a strength of about 
40° Tw., will require 1,600 lbs. of Buxton lime. The author, however, strongly 
advises a laboratory test to be made each time, rather than working by rule of 
thumb. 

~ The weak pyridine water in the receiver will contain a varying quantity of 
pyridine bases. Average amounts range between 35 and 40 per cent. This pyridine 
is recovered in most works by the addition of caustic soda of moderately high specific 
gravity. Pyridine bases are not soluble to any appreciable extent in solutions of 
caustic soda above 30° Tw. It is therefore necessary to use a strength of caustic 
soda sufficiently high to yield an under-lye of a strength not less than 30° Tw. or 
1-15 specific gravity at 60° F. A good strength to use for the separation or springing 
of the pyridine bases from the water is between 45° and 50° Tw. While adding the 
caustic soda lye the contents of the tank must be thoroughly agitated, and when 
this operation is finished a period of resting of, say, one or two hours should be 
allowed. The weak under-lye may then be run off into a storage tank for further 
use, say, for the recovery of cresylic acid or phenols, or it may be concentrated or 
reinforced with solid caustic soda to raise its strength. The pyridine which has 
separated will yet contain water, and it is necessary on this account to “dry” it. 

The pyridine bases are considered as sufficiently “dry? when they contain 
not more than 4 per cent. of water. The drying process may require several treat- 
ments with strong caustic soda, but in all cases the last operation should be con- 
ducted with a caustic soda lye of a strength of not less than 90° Tw. Inthe author's 
opinion caustic soda for use in the drying operations should not be weaker than 
60° Tw. for a commencement. It is not possible to give any definite figures in 
connection with the volume required to “ dry ” pyridine bases, but these quantities 
can be found quite easily by carrying out rough laboratory tests on a given quantity 
of the bases. If 50 ¢.c. are taken in a 100 c.c. test mixer, and small quantities 
of caustic soda of the strength it is desired to use are added, shaking after each 
addition and allowing to settle until a point is reached where a further addition of 
the caustic lye shows no further shrinkage of the pyridine bases, then from the 
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amount of caustic soda required to reach this point the volume necessary to “ dry” 
the bases contained in the treatment tank can be obtained by a simple calculation. 

In a works where the CO, process for the recovery of phenols is in use, the 
pyridine may be conveniently sprung or separated from the water by the use of 
soda ash (58 per cent. alkali). It must be remembered, however, that the separated 
pyridine cannot be dried with this material. The under-lye of soda ash solution can 
be used for reinforcing the spent liquor (impure carbonate of soda solution) obtained 
from the reaction tower before it is causticised. (See Chapter VIII.) 

This under-lye may also be causticised after diluting to a strength of about 
23° Tw. and then used in the CO, process or else concentrated and used on the 
pyridine plant. The soda ash should be added in the dry state, and after each 
addition of, say, a couple of hundred pounds, the tank contents should be very 
thoroughly agitated. It is necessary to continue this agitation until the whole of 
the ash has dissolved, after which the contents are allowed to rest to enable the 
‘sprung ”’ pyridine to rise to the surface. The under-lye of soda ash solution is 
run off and any drainings removed before the addition of caustic soda for the purpose 
of drying. 

With reference to the quantity of soda ash required to “spring” pyridine 
bases from weak pyridine water, the following figures may serve as a guide. To 
every 100 gallons of pyridine water, about 170 lbs. of 58 per cent. soda ash is added: 
The under-lye, after the separation of the pyridine bases, will test about 40° Tw. 
If soda ash is used for “ springing,” the drying operation is carried out in the manner 
already described. 

The ‘‘springing”’ and drying operation may be carried out in the receiving 
tank, but it is advisable, especially in cases in which a large volume of pyridine acid 
is to be worked up, to carry out this series of operations in another tank. This will 
relieve the receiver, and a further distilling operation may be carried on within an 
hour or so of the finish of the previous one. 7 

The “dried ”’ pyridine may be run into a storage tank to await the process 
of rectification, or if this process is not carried out at the works, then the pyridine 
is generally filled into barrels, or, better still, into iron drums, ready for despatch. 
It is necessary, of course, to sell this material on a test, and the method of carrying 
this out will be found on page 424, Chapter XXII. 

In the process of rectifying crude “ dried’ pyridine, the fractions are run into 
small receivers or packages, the former method is the best policy, so that each may 
be tested at the end of the operation, and a suitable mixing made to obtain a rectified 
pyridine which will answer any test required by the buyer. The two chief types of 
rectified pyridine are : One which will give not less than 90 per cent. at 140° C, when 
distilled in a 100 c.c. Wurtz flask, and the other which yields 50 per cent. up to 
140, and 90 per cent. up to 160°C. There are other tests which these rectified 
pyridines are required to answer, and they will be described fully in Chapter XXII. 

Having charged the still with a quantity of crude “dried ”’ pyridine, the fire 
is lighted, and the temperature of the still contents raised fairly rapidly at first, 
but as soon as the dome begins to get hot the firing is carefully regulated until the 
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distillate appears at the worm end. Priming into the fractionating column must 
be avoided. 

The distillate is now collected until a sample taken from the worm end and 
tested does not commence to distil until 140° C. is reached. This fraction may be 
collected in a single receiver and reserved for 90 per cent. at 140°C. pyridine. If 
this is done it is advisable to test the contents of the receiver frequently for the 
percentage at 140° C., after a thorough mixing, when the change-over point is near 
at hand. The distillation is continued from the point just mentioned until a sample. 
collected at the worm end and tested does not yield anything at 160°C. This 
fraction is known as heavy refined pyridine. 

Another plan may be used for collecting the first fraction from the distillation 
of crude pyridine. It is to run the distillate into 40-50-gallon drums and cut for 
the first fraction when a sample taken from the drum into which the distillate is 
“ working ” and tested yields about 70 per cent. at 140°C. The second fraction is 
collected between this point and that at which a sample of the distillate when tested 
yields nothing at 160° C. 

After the second fraction has been collected, distillation is discontinued, and 
the residue run to the bottoms tank, after an interval of an hour or so, in order to 
allow it to cool down somewhat. The second fraction is refractionated in the same, 
or a similar still, in order to obtain some more pyridine bases suitable for mixing 
with the first fraction. It is advisable to split this fraction on redistillation into two 
portions, cutting the first fraction when a sample from the worm end begins to 
distil at 140° C. and the second fraction when a sample tested from the worm end 
yields nothing at 160°C. The residue in the still is run to the bottoms tank. It is 
a good plan to collect these two fractions in carboys or small drums, as it renders 
it more convenient when carrying out the mixing process. 

With reference to this process it 1s not easy to describe in detail the method of 
carrying it out. It requires a few months’ experience in order to decide correctly 
how many gallons of bases giving one test should be added to bases of another test 
to produce the desired result. It is a good plan to test the contents of the carboys 
obtained from the refractionation of the second fraction from the first distillation, 
and also the contents of the drums which contain the first fraction from the first 
distillation. Having obtained these distillation tests, experience will teach whether 
the contents of one or more carboys from the redistillation of the second fraction 
should be mixed with the first fraction, or whether any of the first fraction should 
be removed before the mixing is carried out. If it is found that the contents of 
any of the carboys or drums contain oil, or an excess of water, then they should 
be rejected for reworking. It is often possible to use pyridine bases containing 
a fair quantity of water, as the greater part of the distillate is generally free from 
this substance. If a little oil be present it is generally quite safe to employ for 
mixing, but it must be used with caution. In the finished pyridine, according to 
most specifications, water should not exceed 7 per cent., and, when tested according 
to usual specifications, should show no signs of oil, The methods of testing pyridine 
bases, both crude and rectified, will be described in Chapter XXII. 
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With reference to the bottoms, these are sometimes refractionated, and may 
yield 2 per cent. or 3 per cent. below 140°C. This, of course, is useful for mixing 
purposes. The distillation may now be carried on up to a point where a sample 
collected from the worm end and tested yields nothing at about 180° C., and this 
distillate can be sold as heavy bases. Sometimes the bottoms are sold under the 
same term without redistillation. 

With reference to cleaning the still, it is policy to carry out this operation after 
every second distillation when working “ dried,’ crude pyridine, and after every 
distillation when working bottoms or heavy bases. | 

The following details referring to the yield of pyridine bases from once distilled 
naphtha and once distilled benzole will no doubt be instructive. The figures are 
average ones only, and it must be remembered that distillates from different tars 
will give results higher or lower than them. 


Once distilled benzole. 1,100 gallons taken. 
One wash only. 


Pyridine bases recovered :— Peeent! 
8-27 gallons 90 per cent. at 140° C. pyridine bases=0-75 
0-63 gallons higher bases =0-057 


Once distilled naphtha. 1,550 gallons taken. 


Ist wash. 
29-7 gallons 90 per cent. at 140° C. pyridine bases. 
8:3. ,, higher bases. 


2nd wash. 
28-3 gallons 90 per cent. at 140° C. pyridine bases. 


8-9 ,, higher bases. 
3rd wash. 
4-2 gallons 90 per cent. at 140° C. pyridine bases. 
1:3. ,, higher bases. 
Total. Per cent. 


62-2 gallons 90 per cent. at 140° C. pyridine bases=4-01 
18-5 »,, higher bases =1-19 


An average amount of crude pyridine obtained per ton of tar distilled is 0-247 
gallons. | 


CHAPTER XVII 


PLANT FOR MANUFACTURE OF CRUDE NAPHTHALENE 
AND ANTHRACENE 


CrupE naphthalene and anthracene are not prepared in all tar distilleries, and this 
remark applies especially to the latter product.. It is thought advisable, however, 
to deal with the subject briefly in this and the next chapter. Crude naphthalene 
is placed on the market chiefly in three qualities, viz.: drained, pressed, and 
“ whizzed ”’ ; and the pieces of plant necessary for the production of these qualities 
are as follows : Salting-out tanks or boilers, recrystallising tanks, hydraulic presses, 
centrifugal machines, together with the necessary steam piping, bags, staging, etc. 
The salting-out tanks or boilers may be of any convenient shape. Usually they 
are second-hand steam boilers with the tubes drawn and the ends blanked, or else 
second-hand egg-ended steam boilers. The size of these tanks or boilers varies 
generally between 4,000 and 10,000 gallons. Each tank should be provided with a 
2-inch inlet pipe ; one 2-inch outlet pipe with tap placed at the bottom for the purpose 
of draining, the outlet beiszg closed inside by means of a lead-lined plug with a long 
handle, to prevent :t getting salted up (this pipe may be connected to a pump if 
desired, or else arranged to lead the liquid oil into storage tanks by force of gravity) ; 
a suitable closed steam coil, built up of 14-inch steam-pipe ; a manhole of the usual 
size and provided with a loose cover ; and also a 2-inch outlet pipe and tap, which may 
be placed at the bottom of the tank for the removal of the melted salts. Some prefer ° 
to put in a by-pass on the draining pipe, and use this for the removal of the melted 
salts. Others prefer to insert through the top of the boiler a suction pipe reaching to 
the bottom for the same purpose. Neither of these plans is good. The outlet pipe for 
the melted salts is connected up to a steam pump, and a pipe lineis arranged from the 
delivery side of the pump, so that the liquid may be delivered into the recrystallising 
tanks. Reducing T’s shouid be placed on the suction and delivery mains, and con- 
nected up to a ]-inch steam pipe, so that steam may be blown through the pipes after 
the pumping operation, in order to thoroughly clean them and prevent them becoming 
salted up or choked. The number of salting-out tanks or boilers required will vary, 
of course, according to the quantity of salty oil it is desired to deal with per day. 
Tanks for recrystallising the melted salts should be shallow. <A general size is 
8 feet wide, 14 feet long, and 2 feet deep. The tanks may be placed on the ground 
level, or, better, a foot or two above the same, as this will allow air to circulate round 
them. They are provided with one or more 2-inch outlet pipes and taps, by which to 
drain away the mother liquor or oil which separates into underground tanks or 
x 305 
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boilers. The outlet holes should be closed by means of lead-lined plugs, with a handle 
to facilitate their removal. These tanks must, of course, be under cover, and it is an 
advantage to arrange that the room in which they are placed can be suitably cooled, 
or else the tanks themselves may be artificially chilled during hot weather, It may 
be added that many works do not trouble about chilling at all, but recover just 
so much salts as will crystallise out at the temperature existing during the time of 
working. 

The salts from the recrystallising tank are removed by manual labour, and 
either centrifugalled and then pressed in hydraulic presses or dealt with direct for 

















Fic. 108.—HypRAvtic PREss. Fic. 109.—HypRAULIC PRESS. 


cold pressing in a centrifugal machine. Types of hydraulic press are shown in Figs. 
108 and 109. The head, bottom, and table of these presses are of the best cast iron, 
machined where necessary. Close-grained cast iron is used for the ram, and it is 
polished the full length to fit the cylinder, which is constructed of best cast steel 
and supplied with a steel gland. The columns are made of mild steel and fitted with 
steel nuts. Division plates of mild steel are supplied loose or as part of the press, 
as shown in Fig. 109. 

In one type of steam-heated hydraulic press it is so arranged that the plates are 
built in two portions, one of which is a perforated tray and the other an outer ring 
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which can be supplied with steam. To each outer ring is connected a flexible steam 
inlet and outlet pipe in order to allow for the upward and downward movements of the 
plates. There is another type of steam-heated press in which the plates are very 
similar to those of an ordinary hydraulic press, but on two sides of the press, from 
the top to a depth equivalent to the space taken by the plates and the charge when 
the press is run up, are fitted steel boxes or jackets into which steam is led during the 
pressing operation. 

Another type of hot press is cylindrical in shape and consists of the usual press 
head, press table, ram and columns with round press plates which run in a cylindrical 
strainer. Enclosing the strainer is a cylindrical steam jacket fitted with the usual 
steam inlet and outlet pipes. 





Fic. 110.—CENTRIFUGAL MACHINE. 


Centrifugal machines are specially made for this purpose by several firms, and an 
excellent type, by Thos. Broadbent and Sons, Lid., is illustrated in Fig. 110. This 
machine is electrically driven and suspended on three pillars, so arranged that the 
vibration is absorbed and the necessity for a massive foundation done away with. 
It is self-contained, the electric motor being built on to the centre spindle. The 
electric motor is fitted with an automatic starting-gear, which makes the machine fool- 
proof, and the starting up quite automatic. An outlet is provided in the revolving 
basket through which the “ whizzed ”’ material can be discharged down the discharge 
shoot and on to a small truck or barrow, or into a sack placed underneath. Steam- 
driven machines are sometimes employed instead of electrically driven ones. It is, 
of course, necessary to provide an underground tank into which the oil pressed out 
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during the application of hydraulic pressure, or separated by centrifugal force in the 
“ whizzing ”’ operation, can be run. | 

Further illustrations of centrifugal machines suitable for dealing with naphtha- 
lene and anthracene are given in Figs. 111, 112, 113, 114. These machines are manu- 
factured by Pott, Cassels and Williamson. In Fig. 111 is shown a centrifugal and 
mixer-heater combination. The centrifugal, it will be noted, is driven by a steam 
engine, the stirring arrangement of the mixer-heater being driven bya belt from a 
pulley on the engine crankshaft. A steaming apparatus is fixed on the outer collect- 
ing case of the centrifugal, and this is used for steaming the inside and outside of the 
basket, thus keeping its perforations and also the linings clear of any accumulation 
of paste which may find lodgment there. The mixer-heater is steam jacketed, and 





Fig. L11.—CENTRIFUGAL PLANT FOR TREATMENT OF ANTHRACENE AND NAPHTHALENE, 
(Courtesy of Pott, Cassels and Williamson.) 


the anthracene or naphthalene paste is charged into the mixer, kept stirred, and 
maintained at a suitable consistence and temperature for being dealt with in the 
centrifugal drier, by means of the steam jacket and stirrer. If desired two mixers 
can be provided, so that while one charge is being worked up another can be got ready, 
thus practically doubling the output of the centrifugal. For instance, a centrifugal 
with a 42-inch diameter basket, attached to one mixer-heater, will produce 200 tbs. 
per hour of “‘ dry ” anthracene in the form of a fine powder, whilst if a second mixer 
is provided, so as to have another charge of paste ready for PE MN then 
nearly 400 tbs. per hour will be “ dried.” 

A centrifugal machine fitted with a basket 36 inches in diameter and attached 
to one mixer-heater will produce approximately 160 tbs. of “dry” anthracene 
per hour. It is possible to deal with the anthracene produced from 20,000 
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tons of tar per annum with a 42-inch centrifugal machine attached to two 
mixer-heaters. 

The output of dry naphthalene by these machines varies a good deal according 
to the quality of the paste, but the following particulars of the out-turn of three sizes 
of machine will, no doubt, be useful :— 


30-inch machine ; : 112 tbs. to 224 tbs. per hour. 
36-inch machine ; 140 tbs. to 280 Ibs. per hour. 
42-inch machine : 168 ibs. to 336 Ibs. per hour. 


A sectional view of a centrifugal machine is shown in Fig. 112. When the 
machine is running the material under treatment assumes the position approximating 
to the shaded portions in the figure, that is, a vertical wall against the centrifugal 
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Fic. 112.—Srction oF CENTRIFUGAL MACHINE (DIAGRAMMATIC). 
(Courtesy of Pott, Cassels and Williamson.) 


basket shell, the liquid substances being expelled through the linings and perforations 
of the basket against the outer collecting case. From this case the liquid is led by a 
gutter or pipe to a suitable receiving tank. When the material is sufficiently “ dry ” 
the machine is stopped, the discharge valve raised, and the dried powder or crystals, 
as the case may be, discharged through the bottom of the basket on to a conveyor or 
barrow placed below. 

Fig. 113 illustrates a “‘ Weston ”’ suspended, self-balancing centrifugal which is 
steam driven. Owing to the fact that this extractor is self-balancing and has no rigid 
journals, no vibration is communicated to the floor and therefore a special foundation 
is not required. 

A special type of centrifugal machine fitted with a feed hopper, screw conveyor, 
to remove the centrifugalised material, driving motor, and gear is AURaE wet» in Fig. 


114. 
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A still for use in the process of purification of naphthalene is similar in con- 
struction to that of a tar still. An efficient safety-valve must be fitted to the still ; 
one similar to that illustrated in Fig. 27, page 130, will prove suitable, or better, 
one which can be heated by steam. The condenser coil is best of the spiral form, quite 
free from elbows, and at the top and in proximity to the bottom a $-inch steam 
pipe is inserted by means of a reducing T-piece. This arrangement will enable the 
stillman to blow steam through the coil, after working, to clean it out thoroughly, 
and is very useful in case a stoppage should occur. An open steam coil must be 





Fic. 113.—‘ Weston ” CENTRIFUGAL MACHINE. 
(Courtesy of Pott, Cassels and Williamson.) 


placed in the condenser tank, as it is necessary to keep the condensing water at a 
temperature of 85°-90°C. to prevent solidification of the naphthalene. Fuller 
particulars of still construction will be found in Chapter VI. 

The methods of working up crude anthracene vary: some prefer to redistil 
the green oil, others simply to allow it to cool and separate out the crude anthracene. 
If it is desired to distil the oil before treatment, then it is necessary to put in a 
still of wrought iron or mild steel, somewhat similar to a tar still in shape, and 
provided with similar fittings, such as charge pipe, outlet pipe, swan neck and stool, 
safety-valve, manhole and lid, etc. The rise of the still bottom should not be very 
great, the crown plate having one of between 12 inches and 18 inches. The concave 


CRUDE NAPHTHALENE AND ANTHRACENE © 311 


portion of the bottom is connected to channel plates, as already described under 
tar stills, and the dome of the still should have a rise of between 12 inches and 
14 inches, according to the size of the still. It is, of course, necessary to connect 
the still to a condenser coil, which latter piece of apparatus will require the usual 
condenser tank, fitted in all respects as described under tar or light oil stills. The 





Fic. 114.—CrentTrRiIruGAL MACHINE. 
Showing feed hopper, screw conveyor to remove the treated material, driving motor and gear. 


(Courtesy of Pott, Cassels and Williamson.) 


number of receivers will vary according to the desire to separate the distillate into 
one, two, or three fractions. 

Whether the green oil or anthracene oil is distilled or not, the remainder of 
the plant is practically the same. It consists chiefly of shallow, crystallising tanks, 
about the same size as those used for the recrystallisation of the naphthalene, a 
filter press or presses, washing tanks, centrifugal machine, one or more hydraulic 
presses, and a suitable disintegrating machine for reducing to powder the washed 
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and repressed anthracene. The crystallising tanks are fitted with 2-inch pipes 
and taps at the bottom for the purpose of draining. They should be under cover, 
and sometimes the chamber in which they are erected is artificially cooled during 
the summer months. As a matter of fact, the arrangement of these tanks and 
their fittings is very similar to that already described under naphthalene recrystallising 
tanks. | 

If it is desired to press the crude anthracene or crude naphthalene at an elevated 
temperature, then a horizontal or vertical hydraulic hot press must be installed. 

Illustrations of two types of filter presses are given in Figs. 115, 116, and 117 
respectively. Fig. 115 is of the flush plate and distance frame type which gives 
deep chambers. As will be seen from an inspection of the illustration, the plates are 
square-in shape and are fitted with plain bib outlets for the escape of the filtrate. 


Fa 





Fic. 115.—JouHnson FILTER PRESS. 


With reference to the feed inlet, this can be arranged (a) through a passage in one 
corner of each plate having a port to each distance frame, and (6) by a central hole 
through the plates. In order to secure the maximum amount of area of cloth available 
for effective filtration, careful attention must be given to the filter surface of the 
plates. Those of the press illustrated have their surfaces studded with small, trun- 
cated, square pyramids; this method, in the author’s opinion, forms the most 
efficient support for the filter cloths. 

Fig. 116 illustrates another make of plate and frame press. The plates and 
frames of this press are provided with a top feed, and to the filtrate outlet of each 
plate is fitted a cock of cast iron, the plug of which is manipulated by a tommy 
bar. The filter surface of the plates is formed of rows of small lozenges, the grooves 
or channels between them being deep, and narrow enough to prevent them being 
closed by the sag of the filter cloths. In service a press of this type 254 inches 
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square and making twenty-five cakes each 1$ inch thick handled a batch of 840 
gallons of unstrained anthracene oil in two operations, the amount of cake obtained 
from each operation being 504 lbs. or a total of 1,008 lbs. Experiments showed that 
the amount of oil in the press cake varied according to the temperature at which the 





Fic. 116.—Manutove, ALLiotr FIttER Press; ‘‘ PLATE AND FRAME” TYPE. 


unstrained oil was filtered 7? for instance, at 7° C. the press cake contained 49 per 
cent. of oil, at 15° C. 46 per cent., and at 25°C. 44 per cent. <A very good, clear 
oil was obtained at 7° C., while at 25°C. the filtered oil contained a comparatively 
large percentage of anthracene salts. The best all-round temperature to work at 
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Z22aiS 
Fic. 117.—PLATES AND FRAME OF MANLoveE, ALLioTT ‘“ PLarE AND FRAME” TyPE FILTER PREsS. 


A, Feed inlet. B, Washing inlet liquid. OC, Air outlet. D, Washing liquid 
outlet. E, Outlet for filtrate. 


appeared to be 15°C. The time to fill the press varied from 20 minutes at the 
medium temperature (15° C.) to 40 minutes at the highest temperature. 

Fig. 117 illustrates the design of the plates and frames used in the press just 
described. The wash ports are useful if it is desired to give the anthracene cake a 
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thorough blowing of air in order to displace as much of the remaining oil as possible.? 
To reduce the cakes of hydraulically pressed anthracene to a state suitable for 
washing, disintegrating machines are the most suitable pieces of apparatus. Among 
the best types are “Carrs,” “‘ Carters,’ and the “ Perplex.” Edge runners are 
recommended by some, but they are slow, and unless the rolls are supported out of 
contact with the pan are apt to crush much of the anthracene into small masses of 
thin, hard cakes. | | 

Vessels for washing anthracene are constructed of mild steel and provided 
with archimedean screw, or one of the various types of paddle agitators. In order 
to heat the charge they may be fitted with a closed steam coil or a jacket ; in the 
author’s opinion the latter is the better method. From the point of view of economis- 
ing floor space anthracene washers should be of the vertical type. The top of an 
anthracene washer is best covered in, and a manhole about 24 inches by 12 inches 
provided, through which the pressed and ground anthracene may be dropped, and 
by which workmen can enter and leave the apparatus during repairs. A 2-inch 
inlet is made on the top cover to which a 2-inch charge pipe, for introducing the 
washing material, is fitted, and at the bottom of the washer a 2-inch outlet is pro- 
vided, and this is connected to a cock, followed by a wrought-iron main which 
conducts the contents, after washing and cooling, to a filter press. It may be neces- 
sary 1n some cases to erect a cooling tank in which to allow the material from the 
washers to cool before filter pressing. Washers of the vortex or Typhoon type are 
very suitable for dealing with anthracene. Figs. 73, 76, will give a general 
idea of these. 

1 Much interesting and useful matter will be found in Eustace A. Alliott’s paper, 


** Recessed Plate and Plate and Frame Filter Presses,’’ Proc. Chem. Eng. Group, S.C.I., 
Vol. 11, 1920, pp. 63-88. 


CHAPTER XVIII 


MANUFACTURE OF CRUDE NAPHTHALENE 
AND ANTHRACENE 


NAPHTHALENE, C,)Hg, occurs in the form of white monoclinic crystals possessing a 
a peculiar tar-like odour. Its specific gravity at 15°C. is 1-1517 and at 100° C. 
0-9628. Naphthalene melts at 80° C. (corr.) and boils at 218-21° C. (corr.). In cold 
water it is quite insoluble, but it is very slightly soluble in hot water. It is dissolved 
by ether, alcohol, chloroform, carbon disulphide, acetic acid and the essential oils. 
Toluene and benzene also dissolve naphthalene. At 15° C. 100 c.c. of alcohol dissolve 
5-29 parts of naphthalene and at 16-5° C. 31-94 parts are dissolved by 100 parts of 
toluene. It is represented by the following constitutional formula :— 





Naphthalene is a very stable substance and is converted into simpler substances 
with great difficulty. If it is boiled with dilute chromic or nitric acid it is slowly 
oxidised into orth-ophthalic acid :— 


ca: COOH 


HC 


HC 


COOH 
CH 


It is readily acted upon by concentrated nitric acid, forming nitro derivatives, the 

reaction being facilitated by the presence of concentrated sulphuric acid. If it is 

heated with concentrated sulphuric acid naphthalene is readily sulphonated, forming 

naphthalene sulphonic acids. The temperature of the reaction mixture and the 
315 
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strength of the sulphuric acid used determines the number and position of the 
sulphuric groups. 

On adding a cold alcoholic solution of picric acid to a cold alcholic solution 
of naphthalene a yellow crystalline precipitate of naphthalene picrate, C,,H,:C,H, 
(NO,)3-OH is formed which melts at 149° C. 

The molecular refractivity of naphthalene is (Ma) 43-93. Technically pure 
naphthalene melts at approximately 79-7° C. Naphthalene exhibits the phenomenon 
of double refractivity to a marked degree, the resolving power being rather more 
than 30 per cent. greater than that of Iceland spar. 

The following interesting figures showing the solubility of naphthalene in 
various solvents at 15:5° C., are due to J. F. Smith :—? 


Dissolved by 
100 parts of solvent. 


Benzene (pure) é . 45-80 parts. 
Toluene : ‘ , : ; hie 200M ae 
Xylene eee ; ; ; Peo lOUAL. 
Cumene . A : ay SIP be 
Commercial 90 per nent ieee ; ; . 43°20 —,, 
Solvent naphtha. : ‘ : . BN 
50 benzene+50 toluene . : OSU eee 
Be cae ec oe ; eer ; eo) ae 
50 per cent. commercial panels feo CO meee 
Carburine, sp. gr. 0-672. ee LOO eae 


Creosote oil, sp. gr. 1-03 (aiave anne Shins te sisal SHG 
Scotch blast-furnace oil sp. gr. 0-985 eee 31 per 

cent. phenols) . ; ; me Wiss 4, 
Heavy tar oil Se END ory 


A few figures determined by the author will be useful for comparison. 


Dissolved by 
100 parts of solvent. 


Solvent naphtha, sp. gr. 0-872 . ; . 32:50 parts. 
Heavy naphtha, sp. gr. 0-909. S OPTTHUEY 46 
Petroleum oil, sp. gr. 0-885 ; ; A EE 
Scotch blast-furnace oil, sp. gr. 0-956 (c containing 3 per 

cent. tar acids) . Wey 2 
Cresylic acid, sp. gr. 1-039 ; : fred -20 a 
Heavy tar oil, sp. gr. 1-100 : : ; 2 Ea ass 


Anthracene, C,H, : (CH), : C,H,, in the pure state occurs in the form of small 
white glistening plates with a violet fluorescence, which is, however, completely 
masked by small quantities of impurities. It has a specific gravity of 1-147, melts 


1 W. Kirby, J.S.C.1., February 16th, 1923, 58T. 
a Ja. ls, LO02 Sp; 1225, 
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at 216-5° C. (corr.), and boils at 351° C. (corr.). According to W. Kirby! anthracene 
melts at 218°C. and boils at 340°C. In water it is insoluble, but is dissolved by 
alcohol, ether, benzene, carbon disulphide, and many other organic solvents. At 
15° C. 100 parts of alcohol dissolve 0-59 part of anthracene. In ether it is rather 
more soluble, 100 parts dissolving 1-17 parts at 15° C. 

Anthracene possesses a molecular refractivity of (Ma) 61-15. 

The following solubility figures are due to J. H. Hilderbrand, HE. T. Ellefson 
and C. W. Beebe :—? 


grams of anthracene dissolved per roo grams of solvent. 


a Pe aS PE? Pe eee See 
Alcohol, Benzene. Carbon disulphide. peleeet Ethyl ether. Hexane, 
0°328 1°86 2°58 0°732 1°42 0°37 


The constitutional formula of anthracene is written thus :— 


CH CH CH 





(Gael CH CH 


If anthracene, in xylene solution, is exposed to light it is transformed into di- 
anthracene, which in the dark becomes depolymerised to anthracene. This is one 
of the rare instances of a reversible photochemical reaction. 
hight 
20 14H 9 =O p gH yo. 
dark 


It is not possible to nitrate anthracene, and when it is acted upon by nitric acid 


CO 
(and also chromic acid) it is oxidised to anthraquinone CH CoH 
which melts at 277° C. 

When saturated alcoholic solutions of anthracene and picric acid are mixed, 
ruby-red needles of anthracene picrate, C,,H,,),C,H.(NO,.)3-OH, are precipitated. 
These crystals melt at 138° C. 

J. E. Zanetti and M. Kandell* studied the formation of anthracene from benzene — 
and ethylene by passing the vapours of these substances through a quartz tube, 
heated to temperatures varying between 800° and 1,000° C. They found the optimum 
temperature to be 925°C., and at this temperature the yield of anthracene was 
0-675 per cent. of the weight of benzene decomposed. Above 925° C. the formation 

Jip-Gel 921, 2747. 


1 
2 Jour. Amer. Chem. Soc., 1917, 39, 2301-2302. 
3 Jour. Ind. Eng. Chem., 1921, 13, 208-211. 
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of carbon increased rapidly,while that of anthracene decreased, and at 1,000° C. it 
ceased altogether. 


Carbazole, CoH >NH, when pure, occurs in the form of colourless crystalline 
6-4 

plates, which melt, with sublimination, at 238° C. and boil between 354° and 355° C. 
It is very sparingly soluble in alcohol, ether, chloroform, benzene, and toluene, but 
much more so in these substances when hot; it also dissolves in cold, concentrated 
sulphuric acid. Hot, concentrated sulphuric acid converts it into a carbazole 
disulphonic acid. In pyridine it 1s very soluble. According to Bechi, 100 parts of 
toluene at 16-5° C. dissolve 0-55 parts of carbazole, whilst at 100° C. 5-46 parts go 
into solution. Carbazole is a very feeble base. With picric acid it forms a stable 
salt, melting at 182°C., and on heating with caustic potash carbazole-potassium 
(C,H,). NK, is obtained, which is decomposed by water. It is converted by nitrous 
acid into nitrosocarbazole (C,H,).N-NO, which melts at 84°C. On treatment with 
sulphuric acid and isatin a blue colouration is produced, and an alcoholic solution 
of it imparts a fiery-red colour to a pine shaving moistened with hydrochloric acid. 
The constitutional formula of carbazole is :— 


CH CH 
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Carbazole occurs in crude anthracene in amounts up to about 20 per cent. 

According to W. Kirby’s determinations,! carbazole melts at 247° C., and boils 
at 351-5° C. | 

If to a hot solution of carbazole in pure acetone finely divided potassium per- 
manganate is added, oxidation takes place, and from the reaction mixture two well- 
defined crystalline compounds and an amorphous substance are obtained. The 
crystalline compounds appear to be isomeric dicarbazyls, C,,H,,N>, melting at 
220°—221°C., and 265° C. respectively, and the amorphous substance, which is the 
main product of the oxidation, undoubtedly possesses a high molecular weight. 
Its constitution has not yet been determined. Neither of the dicarbazyls forms a 
picrate, and in this respect they differ from carbazole and its homologues.? 

Phenanthrene, C,,H,,), is an isomer of anthracene, and in the pure state it 
occurs as colourless scales, exhibiting a pale blue fluorescence. It does not sublime 
quite so readily as anthracene, melts at 100°C. with some sublimation, and boils 
at 340°C, 

W. Kirby? gives the melting-point of phenanthrene as 101° C. and the boiling- 
point as 332°C. Its specific gravity at 100°C. is 1-063. According to Bechi its 
solubilities in alcohol and toluene are as follows :— 


6H 


Ga 


H 
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100 parts of absolute alcohol at 16°C. dissolve 2-62 parts of phenanthrene. 


100 2 a - (iS aUG aan: 10-08 % 3 
100 SametOliene nile LG: 05 CRN 32-02 3 > 
100 :; 5, 100°C. dissolve phenanthrene in all proportions. 


It is insoluble in water, soluble in ether, and also in benzene and carbon disul- 
phide. If picric acid in solution is added to an alcoholic solution of phenanthrene, 
reddish yellow needles of phenanthrene picrate separate, which melt at 144°C. 
Treated with concentrated nitric acid it yields nitro compounds, and on heating at 
100° C. with concentrated sulphuric acid, a-phenanthrenesulphonic acid is formed, 
whilst if the temperature is raised to between 180° and 190° £-phenanthrenesulphonic 
acid results. 

Its constitutional formula is :— 





It occurs in crude anthracene in amounts exceeding 40 per cent. 

In the manufacture of crude naphthalene, washed light creosote, and also the 
bottoms from the benzole, naphtha and light oil stills are employed. It is necessary 
to see that the distillates, such as light creosote, are quite free from tarry matter 
if they are intended for this purpose. These oils are pumped into the crystallising 
boilers and allowed to remain for several days in order to crystallise out the naphtha- 
lene or “salts.” 

The contents of these boilers are allowed to rest for a period of time, varying 
according to the season of the year; a good average is three to five days. In some 
works artificial chilling is resorted to, during the summer time or throughout the 
year, thus reducing considerably the time just mentioned. 

When the “salting-out ”’ is completed, the oil which has separated is drained 
away through the drain-pipes into storage tanks. This oil is tested for its specific 
gravity, and if found to be low is mixed with liquid heavier creosotes, or strained 
anthracene oil, and placed upon the market as liquid creosote. The crude naphtha- 
lene remaining in the boilers is melted up by the aid of closed steam, and when the 
whole of it is in the liquid state, and at a temperature well above the crystallising 
point, it is pumped from the boilers into the recrystallising tanks. Immediately 
the pumping operation is finished, steam should be blown through the suction and 
delivery mains, in order to clear them of any liquid salts which may remain and. 
which will, if not removed, solidify in the pipes and cause no end of trouble. 
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The liquid crude naphthalene in the recrystallising tanks is allowed to cool 
down and recrystallise out from the oil which has been carried over from the “ salting- 
out” boilers. After a period, varying from two to four days, the drain taps are 
opened to allow any oil which has separated to run off. This oil is removed to storage 
boilers or tanks, and allowed to rest for several days, after which it is mixed with 
other liquid creosote oils and disposed of as liquid creosote. It may be added that 
any ‘salts ’’ which is deposited in these boilers is melted up from time to time and 
pumped into the recrystallisg tanks. After the crude naphthalene has thoroughly 
drained it may be placed into barrels or other suitable packages and disposed of as 
drained naphthalene. 

If, however, it is desired to prepare from the drained naphthalene a quality 
known as “‘ whizzed”’ naphthalene, it is removed from the recrystallising tanks and 
charged into centrifugal machines. Care must be taken to level the “salts ” in the 
cage of the machine, otherwise there is a great risk of wobbling, which may lead 
to an accident when the machine is set in motion. The cage must not be over- 
charged, not must it be started up too suddenly. With a good centrifugal it is 
possible to “whiz” four to six charges per hour, the size of the charge, of course, 
varying according to the dimensions of the centrifugal. Should the centrifugal be 
self-discharging, then the ‘“‘ whizzed ” crude naphthalene may be released from the 
bottom into a special receiving pan, or direct into sacks. The oil as it flows from 
the machine is conducted into the liquid creosote storage tanks or boilers. Centri- 
fugalled naphthalene will contain about 2 to 4 per cent. of expressible oil. 

Pressed naphthalene is prepared by taking the recrystallised crude crystals 
from the recrystallising tanks, “‘ whizzing’ them and then placing them into press 
bags and submitting them to hydraulic pressure. The press bags are made of various 
materials, sometimes even ordinary sacking being used. The size of a bag when 
filled will vary according to the dimensions of the press, but an average may be 
taken as 9 inches wide, 18 inches long, and 3 inches thick. Care must be taken to 
keep the thickness of the filled bags as even as possible, otherwise there is a risk of 
rupturing the press table during the process of pressing. When charging, the press 
table is run down to the floor of the press. It is then covered with bags, arranged 
so that there is a space of about 2 inches between each. When the table is full, a 
wrought-iron plate about + inch thick is placed upon the top of them, and this is 
covered with bags in a similar manner to the table. This operation is carried out 
until the press is charged. It is important that care be taken to arrange the plates 
and the bags on them so that they just cover one another, and do not project on 
any side. Any unevenness vertically will produce what is known as “shunting,” 
v.e. the middle will bulge out on one side or the other. This will not only produce 
some half-pressed material, but there is a very great risk of the press table fracturing. 
In some types of hydraulic press the plates are suspended from the press-head by 
steel links, and when the press is run down this results in the plates being of 
sufficient distance apart to charge with filled bags. If a press of this kind is used, 
it is necessary to place the bags on each ihe so that they cover those on the plate — 
immediately underneath. 
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When the operation of charging is completed; hydraulic pressure is applied, 
and the press gently run up. The pressure is then slowly increased until it indicates 
between 14 to 2 tons to the square inch. After an interval of about one hour, the 
hydraulic pressure is released and the press discharged. On opening the bags and 
removing the pressed cakes, should any wet edges be noticed, these are cut off and 
repressed with another batch. The cakes of pressed naphthalene are now charged 
into a disintegrating machine, and when thoroughly broken up placed into packages 
for dispatch. 

A far better quality of pressed crude naphthalene is obtained by using a steam- 
heated hydraulic press and carrying out the process known as “ hot pressing.” A 
naphthalene which has been properly hot pressed will give very little trouble in the 
refining process and will yield an excellent finished product. It is very necessary 
to pay attention to the regulation of the temperature employed for pressing. Within 
limits the higher this temperature the better the result, as more foreign matter is 
removed, but it must not be forgotten that the presence of oil in the unpressed 
naphthalene lowers the melting-point and if the naphthalene has not been carefully 
centrifugalled to remove the maximum amount of oil and a high temperature is 
employed during the pressing, then an excessive quantity of naphthalene will come 
away with the press drainings. It 1s advisable to let the works chemist determine 
the best temperature at which to press any individual working of naphthalene. 

In order to avoid the use of a number of salting-out tanks and to speed up the 
process of separating naphthalene from coal tar distillates, an apparatus has been 
patented! which consists of a series of horizontal cylindrical vessels, each being 
provided with an inner tube of steel in which is placed a rotating shaft fitted with 
a@ worm conveyor. ‘The inner tubes of the series are connected by bends fitted 
with inspection doors, the arrangement being alternate at opposite ends of the 
apparatus. The jackets or outer vessels are connected in a similar manner by pipes. 
The method of procedure is as follows: Tar oil containing naphthalene is pumped 
into the first inner tube and passes through the series, whilst a fluid refrigerant is 
allowed to flow through the jackets in an opposite direction. It is not possible for 
the naphthalene which crystallises out to adhere to the walls of the inner tube 
owing to the motion of the worm conveyors, and therefore it is carried forward by 
the oil. The naphthalene is finally separated by means of centrifugal machines. 

In the manufacture of the technically pure quality of naphthalene the crystals 
(“salts ’’) from the salting-out tanks are melted and raised to a temperature suitable 
to allow transmission without choking the pipes, and charged into a still which is 
coal or gas fired. During distillation the water in the condenser is kept at a tem- 
perature between 85°-90° C. in order to prevent choking of the condenser coil. A 
small quantity of fore-runnings is removed (if a thermometer is fitted in the vapour 
pipe when this indicates a temperature of 210°-212°C.), and then the distillate is 
run as far as possible without endangering the still; some prefer to work until the 
thermometer indicates 230°-235° C. Topping may be practised if desired, or the 

1 Brotherton & Co., Ltd., J. Porteous and E. O. Whitelock,. Leeds. Eng. Pat, 
115,906, May 24th, 1917. 
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bottoms from the still charge worked up with other bottoms later, or immediately 
run to salty creosote. The main distillate is allowed to cool and the naphthalene 
is then centrifugalised and finally hot pressed, or hot pressed only. The almost 
oil-free naphthalene cake is broken up, melted and washed, at a temperature of 
about 95° C., with three or four lots of sulphuric acid. Usually the total amount of 
sulphuric acid required will not exceed 3 to 34 lbs. per 100 lbs. of naphthalene. 
The acid is allowed to drain away thoroughly after each washing, and following the 
last wash is one with water. During this wash the temperature may be raised to 
100° C. to facilitate the separation of the wash water. In order to remove the last 
traces of sulphuric acid, about two washes with caustic soda solution of 35° Tw. 
(each approximating ? per cent. by weight of the naphthalene) are given and finally 
a water wash. If any difficulty presents itself in the way of separation at this 
point, the addition of a strong solution of sodium sulphate will clear it up. After 
the final wash the draining must be thorough in order to prevent any trouble during 
the process of redistillation. In this process the first runnings will be watery, and 
these are run to a receiver set aside for the purpose until the thermometer in the 
vapour pipe indicates a temperature of about 215° C., or better still, until the melting- 
point of a sample taken at the worm end is between 79-5°-79-6° C. When this 
point 1s reached the distillate 1s allowed to run into galvanised or tin-lined receivers, . 
or similarly coated iron drums, until the temperature indicated by the thermometer 
is 220°—222° C., or the melting-point of a sample from the worm end shows signs of 
falling below 79-5° C. 

The process just described may be modified according to the source or condition 
of the naphthalene salts, and it is very advisable to remove all the tar acids from 
oils which are to be worked for their naphthalene. If tar acids are suspected in 
crude naphthalene salts’intended for the manufacture of technically pure naphtha- 
lene, then it is advisable to give the melted salts a preliminary wash with caustic 
soda, and then with water, before commencing the acid washing. It is preferred 
by some to conduct the acid and first water washes in one washer, and after draining 
to continue the caustic soda and final water washes in another washer. 

R. Kutschenreuter! proposes to purify naphthalene by recrystallising it from 
tetrahydronaphthalene. At 30°C. naphthalene is miscible in all proportions in 
this substance, whilst at 10°C. its solubility is 10 in 100, and below 6° C. it is 
practically insoluble. 

According to The Barrett Co.? crude naphthalene may be purified by raising 
it to a temperature of about 85° C. with a quantity of water or other immiscible 
liquid and then agitating until an intimate mixture is obtained. When this con- 
dition is reached the mixture is allowed to cool gradually, agitating slowly all the 
time, until a temperature of about 65°C. is reached. The mixture is then sub- 
mitted to a filtering process which removes the water and oily impurities. 

Thionaphthene C,H,S occurs along with naphthalene, and in many ways its 
behaviour is very similar. Owing to the difficulty in removing it, technically pure 


1 Ger. Pat. 317,634, August 14th, 1918. 
2 Eng. Pat. 172,937, November 11th, 1921. 
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naphthalene will contain traces. This substance can be obtained from crude 
naphthalene. by treatment with sodamide at 120°C., extracting the resulting 
product thoroughly with benzene and then stirring it with ice-water which liberates 
the thionaphthene.! 

Attempts have been made to utilise naphthalene as a motor fuel, but it appears 
that up to the present efforts in this direction have not met with any great success 
(see Gas Journal, 1918, No. 1, 65-67). 

According to Franz Fischer and Hermann Niggemann?, if naphthalene is 
heated for one hour with 1 per cent. of iodine, at a temperature of 550° C., in an 
atmosphere of hydrogen, and at a pressure of about 170 atmospheres, it is con- 
verted into an oil possessing a blue fluorescence. After a few days this oil solidifies 
more or less completely, this action being due, it is thought, to oxidation and 
separation of dissolved naphthalene. 

Attempts to produce liquid hydrocarbons from naphthalene suitable for use 
in the manufacture of lubricants have been made, but with what success, com- 
mercially, it is not known definitely. F. Fischer? heated naphthalene with aluminium 
chloride at comparatively low temperatures in an autoclave at a pressure of about 
two atmospheres, and then submitted the reaction mixture to steam distillation, and 
finally hot filtration through cloth. He obtained a black, syrupy residue, which on 
blending with three-parts of a tar lubricating oil, yielded a viscous liquid of high 
lubricating value. The reader is also referred to German Patent 299,134, 23.4.16, 
F. Fischer,* and to a paper by F. Fischer, W. Schrader, and 8. Hilpert, in the 
Gesellschaft Abhandlung zur Kenntnis der Kohle, 1917, 1, 237-244.5 

In order to discover a simple and technical method of converting naphthalene 
into liquid products, Franz Fischer and Wilhelm Schneider® experimented with 
ethyl and methyl alcohols as the source of the alkyl group. A reddish brown oil 
exhibiting a green fluorescence was obtained when 5 grams of naphthalene were 
heated under pressure for thirty-six hours with 4:5 c.c. of absolute alcohol in the 
presence of 10 grams of zinc chloride, the temperature varying between 290° and 
300° C. The yield of.oil amounted to 5-1 grams, and 0-2 gram of naphthalene was 
recovered. In another experiment 100 grams of crude naphthalene were heated 
under pressure (temperature 180°-190° C.) for sixty hours, with 120 c.c. of 96 per 
cent. alcohol and 400 grams of zinc chloride (made up of 200 grams of fresh and 
200 grams of regenerated zinc chloride). The yield amounted to 112 grams of 
a dark brown crude oil with a green fluorescence, and on distillation this oil yielded 
a small fraction boiling below 240° C., 98 grams of a volatile yellow oil, boiling 
between 240° and 300° C., and 12 grams of a dark brown viscous oil as a residue. 
On chilling these fractions with ice-water naphthalene did not separate. An experi- 


1 R. Weissgerber and O. Kruber, Ber., 1920, 53 (B), 1551-1565. 

2 Chem. Zentr., 1919, 11, 585-586. See also J.C.S., 116, 1, 393. 

3 Ges. Abhandl. zur Kenntnis der Kohle, 1917, 1, 254. See also J.S.C.I., August 15th, 
1919, p. 528A. 

4 See also J.S.C.I., October 15th, 1920, p. 653A. 

5 See also Chem. Zentr., 1919, 90, 11, 584, and J.S.C.1., August 15th, 1919, p. 528A. 

6 Ohem. Zentr., 1919, 11, 585. See also J.C.S., 116, 1, 393. 
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ment in which methyl alcohol was used resulted in a somewhat lower yield, 
and one in which phenol was employed was quite unsuccessful as it 
yielded a considerable amount of carbon and large quantities of unchanged 
substances. 

Naphthalene can be hydrogenated with the production of mixtures of hydro- 
naphthalenes by heating it under pressure in the presence of hydrogen and a metallic 
catalyst. The processes by which these products are obtained are covered by patents, 
chiefly German. The mixtures referred to contain chiefly di- and tetrahydronaphtha- 
lenes, but one patentee! states that by heating naphthalene at 180° C., under a 
pressure of fifteen atmospheres in the presence of hydrogen and metallic nickel 
(produced by reducing nickel formate dissolved in a saturated glyceride, by hydrogen) 
decahydronapthalene is obtained. According to Dr. Stanley Smith? this substance, 
called by him “‘ Dekaline,” is an excellent substitute for turpentine. It has a specific 
gravity of 0-900, a distilling point of 190° C. and flashes at 60° C., whilst its odour 
is aromatic, resembling somewhat that of camphor. In addition to the many varied 
uses it can be put to as a solvent, and as a cleansing fluid, it is claimed that it can 
be used as a substitute for petrol for oil engines and also as an illuminant if burned 
in ordinary paraffin lamps. 

Further interesting and useful information on ‘“‘ Dekaline”’ will be found in 
an article by J. B. Coleman and P. Bilham.? 

Naphthalene is oxidised to phthalic acid or phthalic anhydride by atmospheric 
oxygen in the presence of vanadyl chloride. 

According to C. Conover and H. D. Gibbs® naphthalene can be oxidised direct 
to phthalic anhydride if its (naphthalene) vapour is mixed with air and passed 
through a heated tube in the presence of vanadium pentoxide. This catalyst is 
fused and then finely powdered before using, and it seems to give better results than 
other known catalysts. As much as 61 per cent. of the naphthalene taken under- 
goes conversion under the most favourable conditions. There are several by- 
products of the reaction, and among those identified are benzoic acid, the naphthols, 
and carbon dioxide. 

Naphthalene is decomposed when exposed to the action of canal rays, so are 
benzene, anthracene, and other hydrocarbon bodies. The substances formed vary 
in properties according to the amount of the potential at the cathode, and not 
in the manner of union of the carbon atoms in the material under treatment. 
Low potentials yield deposits which are transparent and coherent, and 
which when heated evolve large quantities of gas and tar, whilst high potentials 


1 K. Wimmer, Ger. Pat. 300,052, March 14th, 1915. 

2 ** Decahydronaphthalene, a new Solvent,’ Chem. Trade Jour. and Chem. Enq., 
August 21st, 1920, p. 253. 

* “The Properties and Composition of Dekalin,” Chem. Age, October 21st, 1922, 
pp. 554-555. 

4 Eng. Pat. 164,785, British Dyestuffs Cpn., Ltd., A. G. Green and J. W. 
Porter. 

* Contribution No. 53 from the Colour Laboratory of the Bureau of Chemistry, 
U.S.A., see also Jour. Ind. and Eng. Chem., February, 1922, and Chem. Trade Jour. and 
Chem. Eng., June 9th, 1922, 685-687. 
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produce practically pure carbon, having an appearance very much _ like 
anthracite.! 

Naphthalene is less toxic than benzene, but when poisonous doses are taken 
disturbances of the alimentary canal and/or the kidneys are produced. The rate of 
respiration is often lowered, and it also decreases nitrogen metabolism. 

In the preparation of crude anthracene, if it is desired to redistil the anthracene 
oil as obtained direct from coal tar, then a quantity of this is charged into a still, 
and the fraction which comes over between the point at which the distillate tests 
14° Tw. at 60° F. and that at which it tests 26° Tw. at 60° F., or when it shows 
what is termed “ grease,” collected for this purpose. These figures are only approxi- 
mate, and have to be varied according to the nature of the oil under treatment. 
It is rather difficult to explain what is meant by “ grease.” The distiller, by experi- 
ence, 18 enabled to tell from the appearance of the distillate, if a small portion is 
allowed to cool on a piece of iron or glass plate, when anthracene approximately 
ceases and higher solid bodies appear. The presence of anthracene in the oil is 
generally shown by a curdy or gritty appearance when the oil is chilled, and “ grease ” 
when the oil on cooling sets to a buttery-like mess. The anthracene fraction is 
pumped into the crystallising tanks situated in the press house, and there allowed 
to cool in order to separate out the crude anthracene. 

Should it be desired to deal with the anthracene oil fraction as obtained from 
the tar stills, this is pumped from the receiver into the crystallising tanks, and is 
submitted to the same process as the redistilled “‘ green oil”’ fraction. The length 
of time which the contents of the crystallising tanks have to rest in order to com- 
plete crystallisation will vary according to the time of the year, unless the chamber 
or the tanks are artificially cooled. From two to five days may be taken as averages 
throughout the year. 

After the separation of the crude anthracene has taken place the contents of 
the tanks are pumped through filter presses, or else into bag filters, which are prepared 
by tying special bagging over flanges fitted into the pumping main, and then fasten- 
ing up the bottoms with cord, the lot being suspended over a tank to catch the 
drainings ; or else into an ordinary filter tank across which is suspended a filter 
bed made of filter cloth or bagging, and supported by wicker or basket ware. At the 
present day the filter press is generally used, as it deals with the material most 
expeditiously. In pumping through a filter press, the pressure must be raised 
gradually and kept as long as possible at a low point. When the press is full and oil 
ceases to run from the press plates the press is opened and the cakes of filtered 
anthracene are removed. The filtrate, whichever way obtained, is known in the 
trade as strained or dead oil. The cakes from the filter press may be submitted to 
pressure in a hydraulic press, and then ground up and washed, or else washed first, 
and after a further filtering pressed by hydraulic pressure, according to the quality 
of crude anthracene it is desired to produce. If it is required to press first, the cakes 
are broken up and charged into bags and then into the press, and then submitted to 


1 V. Kohlschiitter and A. Frumkin, Ber., 1921, 54, 587-594. See also J.S.C.I., 
1921, 340A. 
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hydraulic pressure in a similar manner to that described under naphthalene. Some- 
times the crude anthracene from the filter is passed through a centrifugal machine 
before submitting to hydraulic pressure. The filtered material is filled into bags, 
and these are packed into the cage of the centrifugal, or if a suitable gauze is fitted 
to the cage, the crude anthracene may be charged into it direct. Often hydraulic 
pressure is applied at an elevated temperature. This is carried out by employing a 
steam-heated hydraulic press. 

After the pressing operation is completed, the cakes are removed from the 
bags, ground under an edge-runner, or better, reduced to a fine state of division in a 
disintegrator, charged into the washer and washed with “ salted out” (liquid) light 
creosote or a moderately heavy naphtha free from naphthalene, followed by two 
washes with pyridine bases. The quantity of liquid used for each wash of one 
ton of pressed anthracene is about 500 to 600 gallons. When the washer is charged, 
the contents are heated up by the aid of closed steam and thoroughly well agitated. 
_ While washing a temperature of about 80° C. is maintained, and the period of agita- 
tion varies according to individual ideas, but averages about three hours. After 
the washing operation, the contents of the washer are allowed to cool down to about 
20° C. and then pumped through a filter press, the press cakes removed, and either 
hydraulically pressed, ground up, and spread out to dry in a drying room, or else 
roughly broken up as removed from the filter press and dried. The more complete 
the separation of the washing liquid from the crude anthracene, the purer the 
product ; so if circumstances allow, it is far better to hydraulically press after the 
filter pressing operation than to dry after removing from the filter press. Some 
manufacturers prefer to use a centrifugal machine in place of a hydraulic press. 
A point worth bearing in mind is that the same kind of oil should be used for the 
washing of all batches of anthracene, should it be desired to produce the same 
quality of this material. 

A high percentage anthracene may be obtained! by dissolving crude anthracene 
in hot phenol, cresol or xylenol, or mixtures of these substances and then allowing 
the solution to cool, separating the crystals which deposit by filtration, and washing 
them with benzene, or with an aqueous alkaline solution, and then with water, 
repeating the treatment if necessary, and finally purifying the anthracene by crystalli- 
sation from pyridine bases. 

B. Hardman publishes evidence? that anthracene of over 90 per cent. purity 
can be obtained by the use of a combination of Wirth’s nitrous acid process’ and a 
recrystallisation from heavy pyridine bases. The procedure is briefly as follows : 
To every 100 parts of crude anthracene (containing, say, 38-2 per cent. of anthracene) 
mixed with 150 parts of solvent naphtha (90 per cent. at 160° C.), diluted R.O.V. is 
added in sufficient quantity to decompose ten or more parts of sodium nitrite. This 
salt is dissolved to a 10 per cent. solution and added to the mixture at the ordinary 


1 Eng. Pat. 119,855, July 23rd, 1918. Soc. d’Eclairage Chauffage, et Force Motrice, 
Paris. 

2 Chem. Trade Jour. and Ohem. Eng., July 23rd, 1921, p. 94. 

3 Ger. Pat. 122,822, and Fr. Pat. 302,998. 
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temperature, whilst being agitated, at such a rate that red fumes do not escape. 
The agitation is continued for some time after the whole of the nitrite solution has 
been added. The mixture is then filtered on a vacuum filter, and the residue well 
washed with solvent naphtha. This naphtha can be used for the next charge of 
anthracene. The first filtrate consists of a mixture of solvent naphtha containing 
impurities washed out of the anthracene, and a dilute solution of sodium sulphate. 
Separation is allowed to take place, the sodium sulphate liquor run to waste and the 
solvent naphtha freed from its impurities by distillation. One result obtained by 
this part of the combined process, taken from a table showing many, is given below :— 


Anthracene : Na NO, Duration of = Bate Efficiency of 
No. taken, eae used, experiment, pele fe recovery, 
grams. NL haa grams, minutes. 2 3 pe ; per cent, 
8 1000 38°2 120 270 425 8°10 90°20 


The nitroso-purified anthracene is then dissolved in hot, heavy bases, cooled 
to 30° C., filtered on a vacuum filter and then washed on the filter with more heavy 
bases, and finally dried. In an experiment using an anthracene testing 81 per cent. 
pure, obtained by the nitrous acid method detailed above, 380 grams were taken 
and dissolved in 600 ¢.c. of hot, heavy bases previously used for washing. The 
solution was cooled to 30° C., filtered, and the anthracene on the filter washed with 
600 c.c. of clean, heavy bases, after which it was dried. The resulting anthracene, 
320 grams, tested 94-8 per cent. pure. 

This combination process is certainly worth consideration, and the reader is 
referred to the original paper for full details. 

According to Eng. Pat. 144,648, 7.6.20.,1 carbazole can be separated from 
crude anthracene by dissolving the anthracene in boiling solvent naphtha (b. pt. 
145° C.) and agitating with potassium hydrate until water ceases to distil over. If 
necessary additional quantities of solvent naphtha are added to the reaction mixture. 
Finally, the sandy precipitate of potassium-carbazole is separated from the boiling 
solution, and the pure anthracene recovered by allowing the solution to cool. 

A method of recovering anthracene, carbazole, and phenanthrene from anthra- 
cene oil is given by J. M. Clark.2- Anthracene oil is cooled, the oil drained off and the 
crude anthracene centrifuged or pressed. Ten thousand grams of a typical sample 
of oil-free crude anthracene, containing 30-1 per cent. of anthracene, 22-0 per cent: 
of carbazole, and 47-9 per cent. of phenanthrene, was mixed with 15,000 grams of 
crude coal-tar naphtha and slowly heated to 80°C. The mixture was then cooled 
to 30° C., and filtered. The insoluble portion (A) weighed 4,125 grams and consisted 
of a mixture of 60-2 per cent. of anthracene, 35-1 per cent. of carbazole, and 4-7 
per cent. of phenanthrene. The soluble portion (B) on distilling off the naphtha 
yielded 5,760 grams of a mixture of 8-4 per cent. of anthracene, 11-1 per cent. of 
carbazole, and 80-5 per cent. of phenanthrene. To the insoluble portion (A) was 
added 10,000 grams of light pyridine, and the mixture slowly heated to 80°C. It 
was then cooled to 15°C. and filtered. The insoluble portion (C) consisted of a 

1 Kinzlberger & Co. 


2 Jour. Ind. Eng. Chem., 1919, 11, 204-209. See also J.S.O.1., April 30th, 1919, 
p. 247A. 
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mixture of 85-2 per cent. anthracene, 13-6 per cent. carbazole, and 1-2 per cent. of 
phenanthrene, and the soluble in the light pyridine (D) was composed of anthracene, 
16-4 per cent. ; carbazole, 72-2 per cent., and phenanthrene 11-4 per cent. Purifica- 
tion of the insoluble portion (C) was carried out by a further treatment with pyridine, 
then sublimation, a distillation after fusion with potassium and sodium hydroxides, 
and crystallisation from benzene, yielding 645 grams of a product containing anthra- 
cene 99:91 per cent., carbazole 0-06 per cent., and phenanthrene 0-03 per cent. 
The portion soluble in light pyridine (D), after separation, was treated with naphtha 
as before, and yielded 1,241 grams of material containing 81-5 per cent. of carbazole. 
Purification of this material was effected by treatment with 98 per cent. sulphuric 
acid and then the addition of water, which dissolved the sulphonated anthracene. 
On subliming the insoluble portion 960 grams of carbazole, testing 99-5 per cent., 
was obtained. The soluble portion from (B), 5,760 grams, was again treated with 
naphtha and fractionated into an insoluble portion (825 grams) containing 2:8 per 
cent. of phenanthrene, and a soluble portion, which, after the separation of the 
naphtha, yielded 4,872 grams of a product containing 93-8 per cent. of phenanthrene. 
By fusing this material with sodium and potassium hydroxides, then distilling, giving 
a further treatment with naphtha, decolorising with bone black, and treating with 
alcohol, 2,490 grams of pure crystallised phenanthrene was obtained. 

It was found that a large excess of sulphuric acid is required to remove 
anthracene from carbazole, and for the removal of carbazole from anthracene or 
phenanthrene, fusion with sodium and potassium hydroxides gave the best 
result. 

Vesely and Votocek purified crude anthracene by dissolving it in a solvent 
which is immixible with sulphuric acid, raising the temperature, and then agitating 
with concentrated sulphuric acid. The temperature and agitation are maintained 
for several minutes, a short time for settling allowed, and the sulphuric acid con- 
taining the impurities then separated. In order to free the anthracene solution 
from traces of acid, the required quantity of calci1um carbonate is added with agita- 
tion. The whole mixture which is still hot is then filtered, and the anthracene re- 
covered by crystallising from the solvent. The proportions used in the process are : 
Crude anthracene 100 parts, solvent naphtha 300 parts, and sulphuric acid 100 
parts. 

It is stated that the best method of purifying crude anthracene is to wash it 
with pyridine or quinoline bases.2 A crude material treated with one or other of 
these solvents will yield a product containing between 90 and 98 per cent. of pure 
anthracene. 

Crude anthracene obtained from paraffinoid tars is not sought after by alizarin 
manufacturers, owing to its comparatively high paraffin content; the presence of 
paraffin bodies causes trouble during filtering operations. 

Attention is called to the fact that workers with anthracene and anthracene 
oil are liable to contract epitheliomatous cancer if due care is not taken. 


1 Ger. Pat. 164,508 ; Eng. Pat. 27,596, 1904. 
* D.R.P. (Ger. Pat.) 42,053 of Chemische Fabriks-Actiengesellschaft in Hamburg. 


CRUDE NAPHTHALENE AND ANTHRACENE — 329 


Block and Dreyfus! consider that the active substance which affects workers 
in the tar distilling and kindred industries, producing epitheliomatous cancer, is 
contained in the anthracene fraction of coal tar, which boils above 300°C. Dr. 
Murray! has obtained an extremely active extract from coal tar by submitting it 
to successive extractions with water, alcohol and ether. See also Chapter XIX, 
page 333. 

Carbazole. During the last few years carbazole has attained to some importance, 
owing to the fact that a number of its derivatives can be used as vat colours. These 
colours are very fast to chlorine and to light. 

As already stated carbazole occurs in fair quantity in crude anthracene, and is 
recovered from by-products obtained in the process of purification of this material. 
If the anthracene is purified by washing with pyridine bases, then the carbazole can 
be recovered from the material deposited when the bases are removed by distillation, 
or if caustic potash was used in the anthracene refining process, then the potassium- 
carbazole formed, will, on dilution with water, yield carbazole. Also, this substance 
can be recovered from concentrated sulphuric acid if this is used to refine anthracene. 

According to Brit. Pat. 139,441, 1919,? carbazole can-be purified and obtained 
in well-defined crystals by slowly diluting with water its solution in concentrated 
sulphuric acid. The process of dilution may be affected by exposing the solution 
to a moist gas or to a damp atmosphere, with or without agitation, or as an alter- 
native by blowing through the solution moist air or a moist gas. If desired the solu- 
tion may be first diluted rapidly to a point approaching that at which precipitation 
takes place and then diluting slowly as just described. 

Burt, Boulton, and Haywood, and F. D. Miles? isolate carbazole from mixtures 
containing it by converting the carbazole into an alkali-carbazole. The alkali salt 
is prepared by treating the raw material with the oxide or hydroxide of the alkali 
metal or with the alkali metal itself in the presence of a neutral solvent, and at a 
temperature below the melting-point of the alkali-carbazole. The process may be 
carried out at the ordinary atmospheric pressure or under elevated pressures, the 
solvent varying according to the pressure chosen. As examples, naphthalene is 
given as a solvent which can be employed at ordinary atmospheric pressures, and 
toluene for higher pressures. 

For the production of high percentage carbazole the following process has been 
patented.* Crude carbazole is dissolved, at about 70° C., in commercial carbolic 
acid, the cresols or the xylenols, using 5 to 10 parts of the chosen solvent according 
to the richness of the carbazole. The hot solution is filtered, and the filtrate allowed 
to cool, and the crystals which separate washed with a small amount of the solvent 
used at first. The product from this crystallisation will yield a carbazole testing 
80 per cent., and this may be purified to a 90 per cent. carbazole by a second crystalli- 


1 (Report of the 19th Annual Meeting of the British Medical Association), British 
Medical Journal, December 9th, 1922. 

2 South Metropolitan Gas Company and W. Kirby, London. 

Sebrit. Psat. 1359,05 lo. o: 

4 Eng. Pat. 121,455, October 7th, 1918. Soc. d’Eclairage, Chauffage et Force 
Motrice, Paris. 
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sation from any of the solvents mentioned above. The crude carbazole employed 
as the initial material may be that obtained by the action of water on potassium- 
carbazole, or the residue resulting from the distillation of pyridine bases used in the 
purification of anthracene. : 

At the present time the uses for phenanthrene are not large. It has been em- 
ployed to a certain extent in the coal tar dyestuffs industry, and at least one 
synthetic alkaloid of the morphine group, “ epiosine,’’ has been prepared from it. 
In the near future it 1s quite possible that further investigations will develop the uses 
of phenanthrene in the two industries just mentioned and also in others. 

As already described on page 327, phenanthrene can be readily recovered from 
the solvent naphtha used in the process of preparing high percentage anthracene 
from the crude material. 
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CHAPTER XIX 
PITCH AND PITCH “ GETTING ” 


Coa tar pitch is a complex mixture of hydrocarbons, basic and non-basic nitrogen 
compounds and oxygenated compounds, all of high boiling-point, and “ free carbon.” 
It is not completely soluble in any one of the usual solvents, the amount going into 
solution varying according to the solvent used. Phenols and pyridine bases are 
among the best solvents, but whether these are used or the less vigorous ones, “‘ free 
carbon” always separates. In almost every case the solvent appears to exert a 
selective action, and this fact has caused a good deal of discordance in regard to the 
results obtained by the several methods of estimating “ free carbon ”’ in pitch. 

There are three chief grades of pitch, viz.: soft, medium, and hard. These 
grades are distinguished from one another by what is known as their “ twisting ”’ or 
softening point. This point will vary somewhat according to the method used to 
obtain it: for soft pitch the average is about 110° F., for medium pitch 140° F., 
and for hard pitch 210° F. At the present day a very large quantity of pitch is 
purchased on the amount of volatile matter which it contains. The methods of 
conducting these tests are fully described in Chapter XXII. 

With reference to soft pitch, this is not made in very large quantities, and 
when it is it is generally filled into barrels, when sufficiently cool, instead of running 
on to a bay. It is a matter of impossibility to dig or “ get’ this pitch during the 
summer months. By far the largest quantity of pitch made is of the medium hard 
quality, and this, or the grade known as hard pitch, is run from the pitch coolers 
on to the bay, which is prepared as described in Chapter IX, page 187.. It is 
advisable not to run the pitch to too great a depth, the best thickness being between 
15 inches to 18 inches. This depth of pitch will cool rapidly, and is dug with a 
minimum of labour by the pitch-getters. With reference to the length of time that 
the pitch must remain on the bay before it can be “ got,” this will vary, naturally, 
according to the temperature of the atmosphere and the situation of the pitch bay. 
Under favourable conditions 24 to 36 hours is all that is necessary, but there are times 
when two or four days must elapse before pitch can be dug. 

During the summer months it is advisable to “ get” the pitch at night, or in 
the early hours of the morning, rather than during the hottest part of the day ; 
and in order to keep the pitch cool, especially that portion which cannot be worked 
immediately, the surface should be covered with a thin layer of lime wash. This 
will prevent the absorption of the sun’s rays during the daytime. It it is necessary 
for the men to work pitch which has been lime-washed on the surface, during the 
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daytime, especially while the sun is shining upon it, the portion on which they are 
working should be washed with water and a hard brush to remove the lime-wash, 
as otherwise the glare will injure the men’s eyes. 

It is a general practice among pitch-getters, in order to protect the eyes, to 
wear a piece of black crépe over them. This is not an efficient method of protecting 
these organs, as sometimes rather large particles of pitch will fly up from the bed, 
and will easily damage the eye in spite of the crépe. Goggles made of fine copper 
wire gauze of between 30 to 40 meshes to the inch are much more suitable for this 
purpose, as the gauze will offer a considerable amount of resistance to flying pieces 
of pitch. It should be added that the workmen do not care about wearing goggles, 
and in many cases will not even wear crépe. However, the management should 
insist upon this means of protection as a precaution against claims under the Work- 
men’s Compensation Act. A good plan in order to prevent excessive rising of dust 
is to wet the pitch at the point where it is being dug, and often the workmen will 
carry this precaution out without being told. 

Pitch is “‘ got ” by driving metal wedges into the layer on the bay with sledge- 
hammers weighing about 10 to 14 Ibs. This breaks off large pieces, which are further 
reduced by the aid of pickaxes. The pitch is then shovelled into barrows or iron 
skips, according to the situation of the bed or the manner adopted by the manage- 
ment for loading trucks or carts. Sometimes the pitch bay is so situated that carts 
can be backed into it, and loaded direct by throwing the pitch into them with a 
shovel. If the bay is below the ground level, then it is necessary either to wheel the 
pitch in barrows up barrow-runs, or else to raise it in skips by means of a crane. 
If the pitch bay is above the level of the railway trucks, then it is quite a simple 
matter to wheel the pitch in barrows from the point where it is being “ got” and 
tip 1t into the trucks at the end of the run. 

With reference to wedges, these must be made of good steel, about 2 feet 6 
inches long and 14 inches by 14 inches in section; “set temper”’ steel is a very 
suitable grade to use. New wedges should be tough, but not brittle, as the tendency 
seems to be for the steel to become very brittle in time, owing to repeated ham- 
mering and to the presence of fine pitch dust, which settles upon the head of the 
wedge. Brittle wedges are dangerous, as particles fly off and often cause accidents 
by cutting the “ getter” about the body. The same remark applies to the hammers. 
Sledge-hammers having two faces are the best type to use, and the average workman 
prefers one of about 10 lbs. in weight. 

According to T. Howard Butler! one of the most successful modern methods 
of dealing with coal tar pitch is to allow it, while hot, to run into pans holding 
approximately half a ton. When the pitch is cold the pans are picked up by a crane 
and swung over a railway truck and then tipped, the whole block of pitch falling 
into the truck at this operation. By the use of this method the pitch is not handled 
by the workmen, and the only objection to it being a large capital outlay on pans, 
light railways, cranes, etc. 

The cost of “ getting” pitch and loading it into wagons will vary somewhat 


1 “ Modern Practices in Coal Tar Distillation,” J.S.C.J., January 31st, 1918, p. 23T. 
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for each works, according to the position of the pitch bay, the thickness of the pitch 
on the bay, the time of the year, and so on. Under normal conditions in a properly 
arranged and well-managed works it will vary between 6d. and 74d. per ton, including 
repairs. The average cost of repairs should work out at id. per ton. 

These are pre-war figures, and to bring them into line with present-day costs 
additions must be made according to the percentage increase of raw materials, 
labour, etc. 

For many years it has been known that certain men engaged in the handling 
of pitch (and also anthracene) develop warty growths. These growths often ulcerate, 
and at times render it necessary to remove, by surgical treatment, the affected part. 
A year or two back a special inquiry was made at the instigation of the Home Office 
into this question, and it was discovered that these ulcerated warty growths 
occasionally become the seat of what is termed by medical men epitheliomatous 
cancer. This form of cancer is considered to be the least malignant, and if removed 
is not usually followed by a recurrence. Draft regulations were drawn up, and in 
the course of time objections were raised against these. Among the draft regulations, 
it was suggested that bathing and washing on the factory premises should be carried 
out. It was required that the workmen should take a bath at the works at least 
every alternate weekday, and wash before leaving the works for meals, or at the end 
of the day, when a bath is not taken. One of the chief objections raised against 
these regulations was that of washing and bathing, the workmen stating that the 
application of water to the skin after pitch-getting caused them a considerable 
amount of pain. Owing to this and other objections a Home Office inquiry was 
made to consider the same, and an interesting pamphlet was published dealing with 
the results of the inquiry. 

It appears that pitch dust also causes severe inflammation of the conjunctival 
membrane and cornea of the eye, and in some cases may result in the formation of 
epithelimatous cancer on these membranes. In any case there is great danger of 
septic inflammation being set up, owing to bacteria getting into the ulceration, 
and the possible chance of the loss of sight. The wearing of goggles or crépe will 
not prevent the fine pitch dust from getting into the eyes, and on this account it is 
advisable to wet the pitch somewhat at the point of working, as already stated, in 
order to prevent as far as possible the rising of dust during the “ getting ”’ operation. 

The pamphlet just mentioned does not state what is the actual cause of the 
irritation, although it seems to point to the fact that the cause is two or more of 
several chemical substances contained in the pitch (or crude anthracene). These 
substances are divided into two groups: the auzetics (excitors of reproduction) 
which stimulate cell multiplication and kinetics (or augmentors) which increase 
the action of the auxetics. It appears that pitch cancer cannot be produced unless 
an auxetic and a kinetic are present. The auxetics appear to be bodies akin to the 
amido acids or their derivatives and the amines, and the kinetics substances of 
the ptomaine class, such as cadaverine and choline. 


1 The Problem of the Gas Works Pitch Industries and Cancer. John Murray, Albe- 
marle Street, London, W.1. 
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The author made some experiments a while ago and was able to isolate small 
quantities of acridene from coal tar pitch, and, on making a few experiments with 
this material, found that it set up considerable irritation, particularly when applied 
to mucous membrane and especially when wetted. Possibly acridene is one of the 
hurtful substances of the auxetic type, but it rests with the medical men carrying 
out the inquiry to settle such a matter as this. 

According to H. C. Ross and J. W. Cropper? if the distillation of a gas works 
tar is finished at 360° C. the pitch obtained therefrom will not produce epitheliomatous 
cancer. These workers also find that pitch from blast-furnace tar is quite innocuous 
in this respect. Dr. J. A. Murray! points out that in tar stillmen and pitch workers 
- the interval between the first contact with tar or pitch and the appearance of 
malignant disease is never less than ten years and may possibly extend to thirty 
or forty years. See also Chapter XVIII, page 329. 

It is said that pitch disease (epitheliomatous cancer) is absent in those briquetting 
factories in which the pitch is used in a fluid condition.2 The reason for this is, no 
doubt, due to the absence of pitch dust and the non-handling of the pitch by the 
workmen ; soft pitch as well as hard pitch contains the auxetic and kinetic bodies 
which are necessary to produce epitheliomatous cancer. The soft pitch is made fluid 
by the addition of about 20 per cent. of tar and then atomised by means of air and 
steam, the jet being so arranged that the spray of pitch mixes with the fine coal, 
etc., in a rotating chamber. (Fohr—Kleinschmidt—briquetting process.) 

Several methods have been suggested for the removal from coal tar of the sub- 
stances which induce cancer, and among them are those of H. W. Robinson and 
H. C. Ross. 

Robinson’s methods are briefly as follows: British Patents 4,159 and 10,156, 
February 8th and April 30th, 1913. The addition of small quantities of formaldehyde 
or other aldehyde to coal tar at a suitable stage in the distillation process results in 
a pitch entirely or almost free from auxetics and, therefore, harmless as regards 
liability to induce pitch cancer. Sugar or other substance which decomposes at a 
temperature below 250° C. with the formation of an aldehyde may be used. If 
formaldehyde is used it is added along with the steam after removing from the tar 
all the fractions which come over before anthracene oil. The quantity recommended 
is 1} gallons of 40 per cent. formaldehyde for each 2,000 gallons of tar. 

Robinson: British Patent 20,767, September 15th, 1913. Tar is treated for 
60 to 90 minutes with ozonised air applied at a pressure of 20 to 30 Ibs. per square 
inch. 

Ross suggests the following: British Patent 11,984, March 22nd, 1913. The 
auxetics in tar are removed by bringing the tar into intimate contact and spraying 
it with hot water or hot dilute acid. The mixture is projected on to a plate or plates 
to bring about a finely divided state, after which it is allowed to stand to separate 
the aqueous liquid or is treated by any other suitable process to attain this end. 


1 British Medical Journal, December 9th, 1922. (Report of the 19th Annual Meeting 
of the British Medical Association.) 
2 P. M. Grempe, J. Gasbeleucht., 1919, 62, 2438-244. 
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If hot water at a temperature between 100° to 212° F. is employed then a volume 
twice that of the tar is taken, and if dilute acid is used, a volume one-half that of the 
tar will suffice. Sulphuric or hydrochloric acid of 5 per cent. strength is recommended. 

Up to the time of writing there seems to be an absence of details as to whether 
any of the above processes have produced satisfactory results. 

In the manufacture of patent fuel (coal briquettes) coal tar pitch is almost 
exclusively used both at home and abroad as the binder. There are several important 
points to observe in choosing a suitable pitch for briquette making, and among 
these are the amount of volatile matter which the pitch contains, the amount of 
“free carbon,” and the quantity of material soluble in carbon disulphide. Although 
excessive amounts of ‘“‘ free carbon”’ are deleterious in effect, the average pitch 
manutactured in this country will not contain sufficient to cause trouble. The carbon 
disulphide test is one of many which determines this so-called “‘ free carbon,” and 
it is perhaps wise for the seller of pitch for briquette making to obtain from his 
buyer the method by which he would like the “free carbon” determined. For 
details of some of these methods, the reader is referred to page 378 in Chapter XXII, 
and also to the Transactions of the Junior Gas Association, Vol. 2, pp. 106-109. 

Satisfactory pitches should not contain more than 30 per cent. of “ free carbon.” 

In regard to the determination of the volatile matter, reference should be made 
to page 388, Chapter XXII, and also to the Transactions of the Junior Gas 
Association, Vol. 2, pp. 113-116. 

The coke which is left in the crucible after the volatile matter has been driven 
off, should be examined carefully ; those pitches which yield a swollen coke must be 
considered as unsatisfactory, a satisfactory pitch producing a flat button of coke of 
a very dark greyish colour. This residual coke can be used for a determination of the 
ash content which must not exceed 1 per cent. 

The softening point of pitch, suitable for briquette making, is approximately 
140° F. 

In addition to the manufacture of patent fuels, pitch also finds application in 
the preparation of cellulose fibre compositions, and it is necessary that the pitch 
which is to be used for this purpose must be in a very finely divided state. Fred. 
J. Commint reduces pitch to an extremely fine state of division by grinding it in 
the presence of a solution of a peptising agent. Suitable peptising agents are, a 
solution of sodium rosinate in water, or a solution of casein in a dilute solution of 
alka. 

Pitch can be used as a fuel if it is first melted and then atomised, by means 
of a specially designed jet, into the furnace. 

Another use for coal tar pitch is in the manufacture of various types of black 
varnish. These are made by melting the pitch and adding carefully varying 
quantities of heavy and light coal tar oils, according to the quality of black varnish 
desired. 

Coal tar pitch also finds an outlet in the manufacture of the cheaper types of 


1 Eng. Pat. 162,727, January 2nd, 1920. 
2 Eng. Pat. 118,890, September 14th, 1917. 
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insulating compositions, such as cable troughing, and it enters into the composition 
of a gunpowder known as “ Petroklastit ” (Haloklastit). 

At times coal tar pitch is subjected to the coking process in order to obtain 
heavy oils and chiefly a coke for use in the manufacture of arc lamp carbons. Accord- 
ing to A. Fischer, cast-iron retorts of a diameter between 1-5 and 2-5 metres are 
best in which to coke coal tar pitch. The exit pipe leading from the retorts should 
be not less than 20 cm. in diameter, and a full setting of these retorts 1s either five or 
ten. As a rule the retorts are fired by coal, and this is assisted at the end of the 
operation by superheated steam. It takes approximately 24 to 36 hours to complete 
a distillation and of this time about three hours are required to bring the retort 
contents up to the temperature at which distillation commences. Care must be 
taken during the preliminary heating, especially if the pitch has a low carbon content, 
as “‘foaming”’ is likely to take place. At the outset of the operation light oils 
distil over containing a trace of water. The temperature then rises to approximately 
300° C., when the distillate consists of a thick brown fluorescent oil possessing a 
specific gravity of 1-15 to 1-17; accompanying this distillate are ammonia and non- 
condensable gases. Between the temperatures of 375° and 380° C. a small quantity 
of “resinous” material distils over. Average yields obtained by Fischer are :— 


Oil: 40-50 per cent. 
‘* Resinous ”’ material : 4—6 per cent. 
Coke : 50-60 per cent. 


with small quantities of ammonia. The coke, in order to be satisfactory for the 
manufacture of arc lamp carbons, must not contain more than 0-5 per cent. of 
material soluble in benzole, and the amounts of fixed carbon should be between 98 
and 99 per cent. 

In connection with the distillation and carbonisation of coal tar pitch the reader 
is referred to English Patent 129,091 of 1918. 

According to H. Tindale® coal tar pitch can be separated into four constituent 
oils boiling up to 300° C., petrolenes, asphaltenes, and ‘free carbon.” In vertical 
retort tars, asphaltenes are said to occur in amounts varying between 25 and 30 per 
cent., and in horizontal retort tars between 35 and 40 per cent. The patentee con- 
siders that the asphaltenes are the most desirable constituents in a road tar. If 
this contention is correct, then it.is another addition to our knowledge of why pre- 
pared horizontal retort tars are much more useful as road tars than those prepared 
from vertical retort tars. 

For the benefit of the student it should be mentioned that inthe natural bitumens, 
such as Gilsonite, Trinidad bitumen, etc., petrolenes are soluble in acetone and 
asphaltenes are soluble in chloroform. 

1 J. Gasbeleucht., 1919, 62, 510-513. See J.S.C.I., November 15th, 1919, p. 807A. 


* F. M. Perkin and Nitrogen Products and Carbide Co., London. 
3’ Eng. Pat. 163,199. See J.S.C0.J., 1921, 463A. 


CHAPTER XX 


CREOSOTE 


THE term creosote is used very broadly in the commercial world, and under it are 
often included oil-gas tar creosote, wood-tar creosote, coke-oven creosote, blast- 
furnace oil creosote, and several others. In this chapter it is intended to deal with 
coal-tar creosote only. 

Owing to the facts that coal-tar creosote is a comparatively cheap article ; that 
its present commercial uses do not appear to warrant it ; and perhaps because from 
the viewpoint of the research chemist it is not an attractive substance to work upon, 
its composition has not been thoroughly investigated. It appears to consist chiefly 
of a mixture of moderately high to high-boiling hydrocarbons with smaller quantities 
of phenolic and basic substances. 

Coal-tar creosote as put on the market varies within fairly wide limits as regards 
specific gravity, content of phenols and naphthalene and distilling range. The 
gravity may vary between 1-000 and 1:070. Occasionally samples are met with a 
little lower in gravity, and sometimes higher. With reference to the percentage of 
tar acids, creosotes are sold containing but a mere trace up to about 25 per cent., 
and with regard to the percentage of naphthalene, this varies very considerably, 
some creosotes containing 30 per cent. and even more, others but mere traces. Some 
idea of the variation in distilling range will be obtained by referring to Table 64. 


TABLE 64 
From drop to 200°|/From drop to 250°/From drop to 300° Residiee 
CG: C2 C. 
Per cent. Per cent. Per cent. Per cent. 
0 to 16 25 to 75 63 to 85 5 to 35 


Creosotes as obtained direct from coal tar by distillation differ somewhat 
according to the quality of the tar, and more often than not are put through a special 
treatment, 7.e. removing a certain portion of the tar acids or naphthalene or submitting 
to a redistillation, before placing on the market. If the latter treatment is resorted 
to the virgin light creosote fraction, obtained during the distillation of coal tar 
between the points 5° Tw. and 11° Tw. at 60° F., is redistilled in a fire-heated still, 
two or three fractions being collected. These distillates will consist of :— 

1. A crude naphtha fraction. 

2. A light oil fraction, and 


3. A redistilled creosote fraction. 
Z 307 
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Fractions 1 and 2 and sometimes fraction 3 are washed with caustic soda with 
the object of recovering the tar acids contained therein. Frequently, owing to the 
fact that most buyers require creosote to answer their own specification, blends of 
various grades have to be made. A creosote required for burning, say, in a Wells 
lamp must be quite free from dirt and naphthalene. As a matter of fact it should 
not deposit “salts? (or naphthalene) at a temperature of 40° F. after exposure to 
that temperature for six hours. The average specific gravity of creosote for this | 
purpose is 1-050—-1-060 at 60° F., and it should not contain more than 2 per cent. of 
water when tested by distillation. | 

Creosote oil, if properly prepared, makes a fairly good fuel oil when compared 
with petroleum fuel oils, such as American residuum, Russian ostatki, and shale oil. 
Much care must, however, be employed in the preparation, otherwise troubles will 
result when it comes to be burned. It is necessary to use a heavy creosote or, better 
still, an anthracene oil for fuel purposes, and it must be free from any kind of solid 
matter, such as that of an earthy, carbonaceous or fibrous nature, and according to 
some users from naphthalene or anthracene salts also. All these bodies will choke 
the orifices of the nozzles of the burners, and naphthalene or anthracene salts will 
also choke up the supply pipes in the cold weather, and at times form a crust round 
the mouths of the burners unless provision is made to prevent these undesirable 
occurrences. In many specifications it states that fuel oil must be liquid at 60° F., 
but it should be noted that “salty ’’ creosote can be used as a fuel oil if it is kept 
at an elevated temperature in the supply tank and fed to the atomising burners 
through steam-jacketed pipes. It must be quite free from water, as the presence of 
this material will probably cause the flame to go out, and if this is not noticed a 
disastrous explosion may take place in the furnace, owing to the oil spray and air 
forming an explosive mixture. Not more than 0-5 per cent. of water, determined 
by distillation, should be allowed. The flash-point must not be low, the minimum 
being 150° F. Abel’s close test. Creosote will, if properly prepared, test above 210° F. 
Abel’s close test. Creosote fuel oil, if burned with care in regard to air supply, will 
give excellent results and smoke troubles need not be feared. The calorific power 
of this type of fuel oil varies more or less between 16,200 and 17,500 British thermal 
units per lb. For purposes of comparison the figures given in Table 65 will prove 
of use. 























TABLE 65 
Actual 
Calorific value by - evapora- 
: Flash- bomb. tive power 
Kind of Fuel Oil. SDeChOs Te Dotat Ib in practice 
Gravity. SEs SS from and 
at 212° 8 
Calories. Balke lbs. 
Heavy tar oil 3 1-084 218 8,916 16.050 12:0 
Blast-furnace oil . 0-979 206 8,933 16,080 12-0 
American residuum 0-886 350 10,904 19,627 15:0 
Russian ostatki : 0-956 308 10,800 19,440 14-8 
Shale oil : : 0-875 288 10,120 18,217 13-8 





CREOSOTE 339 


Most of the heavy tar distillates are found to be suitable for Diesel engine fuel. 
H. Moore? states that tar o:ls of British origin possess a gross heat value which 
averages out 10-2 per cent. less than that of the usual type of petroleum oils sold for 
oil engine purposes, but the increase in consumption is not higher by this amount, 
because tar oil generally yields a higher thermal efficiency than petroleum oil. This 
is probably due to the tar oils possessing lower viscosities. Owing to the average 
hydrogen content of tar oil being only about 6-9 per cent. as against approximately 
11-5 per cent. for petroleum oils, the difference between the gross and net calorific 
values is not so great for the former as with the latter. The trouble arising in 
obtaining ignition of tar oils is due chiefly to its high ignition point ; this averages 
about 480° C. as against 260° C. for petroleum oils. On this account petroleum or 
shale oil is necessary as an ignition oil when using a normal tar oil. The combustion 
of tar oil is helped to a small extent by allowing the circulating water to reach 
comparatively high temperatures. It is not an advantage to mix the petroleum 
with the tar oil because, in order to get a moderately good result, approximately half 
petroleum has to be used. It is absolutely necessary that tar oils to be used for 
Diesel engines must not contain a large percentage of ash, and even small quantities 
of an abrasive ash will bring about trouble. Another cause of trouble in tar oils is 
traces of pitch, which almost invariably contain “free carbon.” 

The following specifications for creosote which is to be used as a fuel for Diesel 
oil engines will, no doubt, be of use to certain readers :— 


1. Continental specification :—* 


Tar oils must not contain more than a trace of constituents insoluble in 
xylol. 

The water content should not exceed | per cent. 

The coke residue should not exceed 3 per cent. 

At least 60 per cent. of the oil should be distilled on heating up to 300° C. 
(572° E.). 

The net calorific value should not be less than 15,840 B.Th.U. per pound. 

The open flash must not be below 65° C. (143-6° F.). 

The oil must be quite fluid at 60° F. 


2. Day’s specification :—% 


The tar oil must be a product of the distillation of coal tar. 

No product that has not undergone distillation must be present. 
Insoluble in xylol, not more than 2-00 per cent. 
Ash, not more than 0-08 per cent. 
Water, not more than 2-50 per cent. 
Coking residue, not more than 3-00 per cent. 

The oil must be liquid at 60° F. when maintained at that temperature for 
half an hour. 

1 Diesel Engine Users’ Association, May 26th, 1918. 


2 “ Tars and Tar Oils as Fuel for Diesel Engines,’ C. Day. A paper read before the 
Diesel Engine Users’ Association, January 19th, 1916. & Ibid. 
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3. Batho’s specification :—! 


Specific gravity, between 1-0 and 1-10. 

Viscosity, generally 2° Engler. 

Flash-point, 100° F. to 130° F. 

Colour, one drop on white paper should show no black residue, as is the case 
with tar. 

Calorific value, between 15,800 and 16,500 B.Th.U. per 1 lb. 

Ash, should not exceed 1 per cent. (unburnt residue of tar oil is mostly 
harmless). 

Water, should not exceed | per cent. 

Sulphur, 0-5 to 1 per cent. 


The attention of the reader must be called to the fact that ammonium chloride 
is hable to be present in the water contained in creosote oil, and an oil containing 
this substance is unsuitable as a fuel for oil engines ; dissociated ammonium chloride, 
especially in the presence of water, 1s a very active corrosive agent. 

As a fuel for boiler and other kinds of furnaces pitch-creosote mixtures are 
at times employed. There are three grades of pitch-creosote mixtures on the market, 
one contains 25 per cent. of pitch, another 50 per cent., and another 75 per cent. 
As this type of fuel is atomised into the furnace, care must be taken when manu- 
facturing to use clean, “ non-salty ” creosote oil and a pitch free from dirt, sand, etc. 

Creosote oils intended for the manufacture of sheep dips and disinfectant fluids 
must be specially prepared if the best results are desired. One of the chief points to 
bear in mind is the removal of naphthalene “salts.” The presence of this substance 
has a very deleterious effect on the emulsifying power of the finished dip or disin- 
fectant. It is one of the causes of “ falling heavy,” 7.e. on addition to water, falling 
through the water to the bottom of the vessel instead of spreading in the form of 
white clouds. Naphthalene “ salts” should be separated very carefully by allowing 
the creosote to stand a considerable time during the cold weather or, better still, 
by refrigeration. Some of the creosote oils obtained from the naphthalene plant 
prove useful in this respect. 

All creosotes intended for the purpose now under consideration must contain a 
certain percentage of tar acids, this varying according to the requirements of the 
buyer. Some buyers require 3 per cent., others 5, 10, 15, 20 per cent. or more. 
It should be mentioned that redistilled creosote is the most suitable for sheep dip 
and disinfectant manufacture. Another matter for consideration is the specific 
gravity of the creosote. The best results are obtained, as a general rule, if the oils 
are of a specific gravity approaching that of water. This means that the lighter the 
specific gravity of the creosote the better the emulsifying power of the fluid, other 
things being equal. Naturally, it is not always possible to obtain a coal-tar creosote 
of a specific gravity of 1-000 and in any case never in large quantities, but it is 
possible to make a blend of a creosote, say, of specific gravity 1-055 or even of a 
higher or lower gravity with a fairly high distilling petroleum, say, of a specific 


1 The Diesel Engine Users’ Association, February 23rd, 1916. 
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gravity between 0-800 and 0-820. The specific gravity of the finished disinfectant 
fluid or sheep dip will, of course, be greater than that of water, but it must be re- 
membered that the soap used in the preparation “ dissolves ”’ in the water, to which 
the fluid is added prior to being used, while the oils do not. The function of the 
soap in the fluid is to form a colloidal solution with water which will emulsify the 
oily portion of the disinfectant and keep it suspended in a very finely divided state. 
Other things being equal the finer the state of the emulsion the more efficient is the 
action of the disinfectant fluid. 

In the manufacture of the cheaper fluids rosin soap is used alone, but in the 
higher quality disinfectants a mixture of rosin soap with a vegetable oil soap, or a 
vegetable oil soap alone, is employed. The chief vegetable oils employed are castor 
oil and linseed oil, or their fatty acids. It must be remembered that excess of caustic 
alkali (caustic soda or potash) is to be avoided ; it spoils the “ falling” and emul- 
sifying properties of the fluid and reduces the activity of the disinfectant by com- 
bining with the tar acids or phenols. In making a fluid the wisest plan is to let 
the works chemist calculate approximately the amount of caustic lye required for 
each pan charge and to employ a man to manufacture the fluid who possesses some 
knowledge of soap making. 

There are numerous formule used for the manufacture of disinfectant fluids, 
each manufacturer using those which best fit in with his ideas or those of his 
customers. As a guide to the student, however, the following particulars may be 
useful. 


Disinfectant flucd. Per cent. 
Rosin ~--. PAE 
Light creosote, sp. gr. sik 025, Anime 18 per acti ss mee ‘ toh 
Petroleum, sp. gr.0-815.. : j eee: 
Caustic soda. ; ‘ ; PRS 
Water. ; : : SAAS 


With reference to the various high coefficient disinfectant fluids now on the 
market, these are generally made in works other than tar distilleries, and contain 
as their chief ingredients blast-furnace oil tar acids specially distilled and blast- 
furnace creosote. 

Sometimes creosote is used in the manufacture of cheap lubricating greases for 
colliery trucks and bogies. The oil for this purpose must be of the heavy type, and 
the one most frequently used is that known as strained oil or “dead” oil. This 
oil has been referred to already in Chapter XVIII, page 325, and is obtained during 
the manufacture of crude anthracene. The specific gravity varies somewhat; an 
oil testing 1-060 at 60° F. is frequently used. These greases are prepared by adding 
rosin oil and slaked lime to the green oil. Usually the composition varies between 
86 to 88 per cent. of heavy oil, 4 to 7 per cent. of rosin oil, and 43 to 63 per cent. 
of slaked lime, the remainder being water. In the brick industry creosote sometimes 
finds application under the name of brick oil. For this purpose it should possess a 
specific gravity between 1-060 and 1-070 and be quite free from “ salts.” 
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A suitable creosote for the manufacture of black varnish (usually a mixture of 
coal-tar pitch, creosote and heavy naphtha, or of coal-tar pitch, water-gas pitch, 
creosote and heavy naphtha) must be free from an excess of naphthalene or anthra- 
cene salts, contain not more than 2 per cent. of water determined by distillation, 
and of a specific gravity between 1-050 and 1-065. A usual plan is to employ the 
higher gravity oils for slow-drying black varnishes in which more flexibility in the 
film of dried varnish is desired, using perhaps a good proportion of water-gas pitch 
































TABLE 66 
Specific ‘ | To be ot Tati 
Grae Water. | Phenols. | Naphthalene. endear Distillation. Apparatus. 
a | 1-:050-1-060 | 3 per 10 per | 30 per cent. | 38°C. Residue. above | Retort 
at 15-5° C. cent. cent. at 15-5° C. 315° C. 25 per 
cent. 
b 1-040 at 2 per 8 per Not stated | 32°C. | Below 315° C. | Wurtz 
Pag ed OP cent. cent. Not more flask 
than 75 per 
cent. 
ce | 1-:040-1-050 | 3 per 4—12 Not less Not Not stated = 
at 15-5° C. cent. per than 20 stated 
cent. per cent. 
at15-5°C. 
d 1:090 at 2 per Not Not stated | 25°C. | Below 315°C. Not 
20° C. cent. stated Not more than | stated 
60 per cent. 
e | 1-030 at 3 per Do. Do. 32°C. | Above 260° C. Do. 
15-5 C. cent. 25 per cent. 
f | Not stated 3 per 1DToy Do. 15:5 SCueNG distillate Do. 
cent. below 200° C. 


Not more than 
TOS sper acent: 


at 280° C. 
q | 1-:000-1-030 | 2 per 18 per Nil 0°C. | Not less than Do. 
at 15-5° C, cent. cent. 50 per: cent. 
min. ; at 265° C. 


Not less than 
80 per cent. 
at 315° C, 








in the composition. In the author’s experience, however, it has been found that all 
films made of the pitches and bitumens (whether heavy creosote or light creosote has 
been used) become very brittle in a short space of time, particularly those films 
made from a varnish in which water-gas pitch has been used. This result is due not 
only to the original somewhat brittle nature of the pitch or bitumen, but also to 
the action of the chemical rays of sunlight and diffused light, which seems to bring 
about changes in the nature of the material, probably by auto-oxidation. 
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As a wood preservative creosote oil is, without doubt, the finest material extant, 
and more of it is used for the preservation of railway sleepers and other timber in 
connection with railway work, and also timber used in telegraph installations, than 
in any other direction. It may be added here that the United States of America 
are the largest consumers of this material, using upwards of 108,000,000 gallons per 
annum. Large quantities are, of course, supplied to the British and Continental 
railway companies by manufacturers in this country, in addition to exporting very 
considerable quantities to the States. All this creosote is sold according to specifica- 
tion, each buyer having his own. This will, of course, necessitate in many cases 
careful mixing of several grades of oil, and even the removal of a certain amount of 
tar acids and sometimes the whole of the naphthalene. In other cases it is often 
necessary to add naphthalene before the creosote will answer the requirements of a 
certain specification. In order to give some idea of the various requirements of 
specifications, several are given in Table 66, and three other specifications for creosote, 












































TABLE 67 
ee ee ae ee eee Seb A ss a oe I a 
Sp. gr. at AG Distillation. 
Grade. ae C. Boeke at! 990° G, 210° C 935° C 355°C Water. 
No. 1 | At least | 38°C. | None Not over Not over Above, if | Not over 
103 below | 5% below | 25% below | exceeding BG 
Ps 5% must be 
| | soft 
No. 2 | 58. Ce er) Os Not over | Not over Do. 3% 
| 8% below | 35% below 
No. 3 Do: Byer AC Drop Not over Not over Do. a 
10% below | 40% below 











such as used on some American railroads, are given in 67. See also Chapter XXII, 
pages 397-411. 

It is not convenient to discuss here whether a creosote containing a high 
percentage of naphthalene and tar acids or one containing a small quantity of tar . 
acids and no naphthalene will give the best results as a wood preservative. According 
to many investigators excellent results have been obtained with both kinds, and at 
present the matter will have to be left at that so far as this book is concerned. Tests 
to prove the efficiency of a creosote for railway work take a number of years, and 
weather and soil conditions, etc., will influence the results in a variety of ways. 

H. Schmitz and S. M. Zeller! investigated different fractions of coal tar creosote 
in order to find the one which possessed the most toxic action upon fungoid growths, 
and they considered that a fraction boiling between 270° and 315° C. was the most 
_effective. According to their experiments, any material distilling above 355° C. is 
practically valueless. 

In the important process of stripping gas of its benzole, creosote has found « 
use, and it is probable that as time goes on the quantity required for this purpose 


1 Jour. Ind, Eng. Chem., 1921, 13, 621-623. 
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will increase. The quality of the creosote destined for this purpose must receive 
careful consideration, especially in connection with the content of water and salts. 
Not more than traces of water should be allowed, and if the best results are desired 
there should be an entire freedom from naphthalene or anthracene salts. In regard 
to the specific gravity, this varies according to conditions laid down by different 
users, the variations being between 1-01 and 1-050. The distilling range varies for a 
similar reason. Some users prefer a creosote of a specific gravity between 1-01 and 
1-02, which, when submitted to a distillation in a retort yields 85 to 90 per cent. 
under 300°C. Others one of a specific gravity of about 1-035, and which will not 
begin to distil below 200° C. and yields 70 per cent. between this point and 280° C., 
when distilled in a retort. P. D. Walmsley and H. A. Morfey! give the following as a 
representative test of a suitable creosote for benzole recovery purposes. 

Distillation portion of test carried out in a retort with the bulb of the ther- 
mometer immersed in the creosote. 


Specific gravity : : ; e055 
Dropping point ' : . 210° to 220° C. 
50 per cent. distils over at . ‘ ‘ Pae2p) at 

CU ares ss > : . 300°C. 

Water content . : : : . . traces. 


On cooling the distillate obtained up to 300° C. to 45° F., and maintaining this 
temperature for thirty minutes, the sdlid naphthalene settling out, on being filtered 
and pressed, should not amount to more than 7 per cent. 

Dr. Colman’s specification of a creosote oil suitable for the oil washing of gas 
is as follows :— 


Specific gravity at 60° F. 1-010 to 1-030. 


Tar acids. . Immaterial. 

Naphthalene . Should deposit no naphthalene on being cooled 
down to 55° F. 

Boiling-point . Should not boil below 200° C. 

Distillation : . Should distil not less than 70 per cent. up to 


300° C. nor more than 90 per cent. 


For storage of creosote second-hand boilers may be used. Very frequently 
large tanks built of iron plates or reinforced concrete, as described in Chapter V, 
are provided for this purpose, and it is policy to cover them. A closed steam coil, 
or coils, must be placed in the tanks, the diameter of the tubing varying between 
1 inch and 2 inches according to the size of the storage tank. At convenient points in 
the suction and delivery mains to and from the storage tanks a l-inch steam inlet 
should be fitted. This will enable the pump man to clear the mains with open steam 
after pumping, a most necessary procedure when “ salty ”’ creosote has been passed 
through the mains. | 


1 “Some notes on Benzcl Recovery and Rectification.’? Read before Manchester 
District Institution of Gas Engineers, October 28th, 1916. Gas World, November, p. 410. 
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The fact that creosote is volatile and that this volatility does not depend upon 
the presence of naphthalene altogether, if at all, must be borne in mind when con- 
sidering the question of storage. A few rough volatility tests carried out by the 


Creosote containing 





3 
5 Creosote free from tar 
5, acids and naphthalene. 
i 
= Loss at Loss at 
ae! 60-65° F. 100° F. 
per cent. per cent. 
24 1-38 
48 2-42 
96 4-61 10-40 


TABLE 68 


10 per cent. tar acids and pa candle 











25 per cent. naphthalene. ee 

Loss at Loss at Loss at Loss at 

60-65° F. 100° F. 60-65° F. 100° F. 
per cent. ; per cent. per cent. per cent. 

Plu 3°30 = | 1-00 

ee 0-90 2-20 

| 
AN" ieee l T2560 2°31 3°32 


author will illustrate this point (see Table 68). Flat dishes 6 cm. in diameter were 
employed, giving a surface area of approximately 28-25 sq. cm., and the material 
was placed in the dishes to a depth of 0-5 cm. Some creosote oil was freed from tar 











TABLE 69 
Ly | Sp. Gr. Gals. per ton, 
25 [Rod as 199-11 
24 1-120 200-00 
ao 1-115 200-89 
22 1-110 : 201-80 
al 1-105 202-71 
20 1-100 203-63 
19 1-095 204-56 
18 1-090 205 -50 
17 1-085 206-45 
16 1-080 207-40 
15 EOD 208437 
14 1-070 209 -34 
Ie | 1-065 210-32 
12 1-060 211532 
11 1-065 212-32 
10 1-050 wlomoo 
9 1-045 214-35 
8 1-040 215-38 
7 1:035 216-42 
6 1-030 217-46 
5 1-025 218-53 
4 1-020 219-60 
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acids by extraction with caustic soda, and naphthalene by chilling to 0° C. and 
filtration, and the specific gravity of this treated oil was 1-035. A portion of this oil 
was used in the test in this state while to another portion was added tar acids and 
naphthalene, as indicated in Table 68, before submitting to the same conditions of 
test. 

With reference to the methods of testing creosote oil, unfortunately at the 
present day there are no standards, and to a large extent each chemist uses his own 
method for the determination of one or more constants. Some of the tests in use are 
given in Chapter XXII. | 

Table 69 which gives the degrees Twaddell, specific gravity and gallons per ton 
will, no doubt, be found useful for reference when dealing with creosote. 

The following particulars may be useful to students and others. 

Co-efficient of cubical expansion of heavy creosote. 


Oil liquid at O° C. Specific Gravity 1-0654, 


Determinations made in a 100 c.c. Regnault specific gravity bottle with narrow 
neck. Calculations made by the use of the following expression :— 
ae ° 
(W—w) * 
in which W=original weight. = w=loss of weight. 
¢°—=number of degrees through which creosote was heated. 


Co-efficient of cubical expansion. 


Between 0° and 20°C. 0:000678 
, 20° and 40°C, 0-000677 
, 40° and 60°C. 0-000765 
, 60° and 80°C. 0-000691 
,, 80° and 100°C. 0:000775 


mean=0-000717 per °C. 
or 0-000398 per °F. 


CHAPTER XXI 


GAS STRIPPING 


SHORTLY after the commencement of the great Huropean War in 1914, there became 
anincreased demand for toluene which was required for the manufacture of explosives, 
and many gas companies adopted a system of washing their gas with tar. This 
system, known as the “‘C”’ process, removed some of the benzene and toluene from 
the gas and, of course, increasing the percentage of these materials in the coal tar. 
The following figures will illustrate this: Normal tar from vertical retorts (inter- 
mittent system) yielded 0-75 gallon of toluole per ton, whilst a tar from the same 
system after being employed in the “ C” process yielded 2-49 gallons of toluene per 
ton. Several workers have found that the addition of a small quantity of powdered 
limestone to the coal before carbonisation increases the yield of toluene in the tar, 
especially when used in connection with the “C”’ process. G. Stevenson! of the 
Long Eaton gasworks gives the following figures, Table 70, which illustrate this 


TABLE 70 
Normal Limestone used| Limestone 
Carbonisation used plus 


No 
“C” Washing.|‘‘C”? Washing.|‘‘C’’ Washing. 





Crude naphthas ; IMS. 320 c.c. 508 c.c. 
Middle oils. ‘ ; : LOAM Siler 850 c.c. 800 c.c. 
Toluene in tar, lbs. per ton of coal 0-27 0-41 1-01 








statement. In each case the coals used were low-grade Tupton ‘‘ Derbyshire ”’ 
seam, the temperatures used in carbonisation were the same, and the results were 
not obtained at the expense of either the quality or quantity of the gas. In each 
determination 9,000 c.c. of tar were taken. 

In the “C” process the temperature of both the gas and the tar have an im- 
portant bearing on the amount of benzene hydrocarbons taken up by the latter ; 
the higher the temperature the less the amount given up by the gas to the tar. 
The temperature of the gas at the gas inlet to the washer should be about 65° F. and 
that of the tar inlet about 60° F. This will mean that the tar must be cooled as well 
as the gas, and unless the cooled tar is thin like vertical retort tar, more or less 
unsuccessful working will result. The tar can be cooled by passing through a series 


1 Gas World, January 29th, 1916, p. 103. 
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of pipes which are water cooled by allowing cold water to trickle over them. Washers 
similar to those used for the removal of ammonia from gas are quite suitable for the 
carrying on of the “ C”’ process. 

The amount of tar made at the gasworks is not sufficient to remove the whole 
of the benzene hydrocarbons from the make of gas, and according to Geofirey 
Weyman! the maximum efficiency of the ‘“‘ C ” process is about 50 per cent., at which 
about 0-15 gallon of toluene and 0-9 gallon of benzene are left in the gas. 

A far older and much more efficient and satisfactory process is that of gas 
stripping by the use of a suitable wash oil. It appears that Caro in 1869 was the first 
worker to use tar oils to remove benzenoid hydrocarbons from coal gas. Later, in 
1882, George E. Davis and Josiah Hardman each patented a process for recovering 
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Fic. 118.—DIAGRAMMATIC PLAN OF GENERAL ARRANGEMENT OF GAS STRIPPING AND CRUDE 
BENZOLE RECOVERY PLANT. 





benzole from gas by the use of tar oils, the former working his process in Manchester 
and the latter at Thorncliffe. Shortly after this coke oven works owners began to 
consider the recovery of the by-products from their coke ovens, and much experimental 
work was done in connection with the recovery of benzole from the gas, based on the 
ideas of the pioneer workers just mentioned. This experimental work has resulted 
in the production of some very efficient processes. 

Owing to the late European War, the process of gas stripping was introduced 
into gasworks practice, and many gasworks are still carrying it out at the present 
day. Itis highly probable, if the adoption becomes general, that a yearly production 
of about fifty-five million gallons will result. At the outset there were fears that the 
stripped gas would displease the consumer and would prove unsuitable for use in the 
flat-flame burner, but these fears have not been realised. Partly debenzolised gas 


1 “The Effect of the War on Gasworks Practice.’”’ Before North of England Gas | 
Managers’ Association. Gas World, May 13th, 1916, p. 444. 
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GAS STRIPPING 
has proved quite suitable as a heating medium and for lighting purposes, the gross 
B.Th.U. being reduced only about 44 per cent., and with a modified flat-flame 
burner it gives quite satisfactory results. Needless to say, with a gas mantle, the result 
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is all that can be desired. Completely stripped gas can be enriched by the use of 
The plant required for stripping coal gas and debenzolising the wash oil need 


carburetted water gas, or by spraying it with paraffinoid hydrocarbons. 
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not be a complicated one. Briefly, it consists of a washer or scrubber, a benzolised 
oil tank, heat exchangers, preheaters, still, condenser, separator, receivers for crude 
benzole, oil coolers, a debenzolised oil tank and the necessary pumps. Reference to 
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Figs. 118, 119 and 120 will give the reader an idea of the arrangement of this 
plant. 
With reference to the kind of washer or scrubber, this may be of any efficient 
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type as now employed in a gasworks for the purpose of ammonia recovery. The 
ordinary tower scrubber filled with boards, the Livesey washer, the Walker purifying 
apparatus with rocking arrangement, and several types of rotary scrubber have been 
used with success. In the case of 
the scrubber filled with boards it is ae 
as well to distribute the wash oil at i P 
the top of the apparatus by means 
of several Gurney’s jets. Provision 
must be made, say, by the use of 
T-pieces and plugs, to allow the 
jets to be poked through with a 
wire should they become obstructed, 
and it is also necessary to supply 
the wash oil at a pressure sufficient 
to cause a forcible impinging on the ef 
discs of the jets. If this is not done Le 
the oil will not be sprayed in an 
efficient manner. Some works made 
an arrangement so that the upper 
half of the washer be supplied with 
debenzolised oil and the lower half 
with recirculated partly deben- 
zolised oil. In the author’s opinion 
this 1s not an efficient method and 
is quite wrong in principle. In 
other works two separate washers 
are employed, one for the deben- 
zolised oil and the other for partly 
benzolised oil, providing for the 
unwashed gas to enter first that 
washer supplied with the partly 
benzolised oil. As the efficiency of 
the stripping process depends, in 
addition to the adoption of a strict 
counter-current system, upon the 
reaction surface presented by the 
packing in the scrubber and the 
length of time the gas and wash oil 
are in contact,~due consideration 
must be given to these matters and 
a scrubber put in of sufficient size 
to deal with the daily make of gas 
in a satisfactory manner. Dealing 
with a scrubber packed with the 
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Fig. 121.—Buatr’s CENTRIFUGAL SCRUBBER. 
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usual wooden boards, a surface area (reaction surface) of between 500 and 550 
square feet should be allowed for each ton of coal carbonised per diem. These 
figures correspond approximately to 16 cubic feet and 18 cubic feet of tower 
space respectively. In order to properly control the supply and keep a constant 
head of wash oil, a feed tank of suitable size should be erected above the scrubber. 

In Fig. 121 is illustrated ‘“ Blair’s’’ centrifugal scrubber, a piece of plant of 
entirely new principle. For the recovery of benzole from coal gas it is an exceedingly 
efficient type; the average efficiency when extracting benzole at 4 per cent. con- 
centration in coal gas is approximately 90-95 per cent. . The following figures relate 
to a plant supplied to a coke oven recovery works :— 





Benzole in gas per cent. 

Gas treated 3a) =) ee RL ercen ue OL 
per hour, Betorel Atter! efficiency. 
Cub, ft. | 
90,000 4°0 0-2 95 

125,000 3°7 0-35 | 90 

150,000 3°5 0-3 oe 








The diagram is self-explanatory in so far as the mechanical portions are con- 
cerned. The method of action is as follows :—The washing medium is led in at the 
top of the scrubber and is carried by means of the top bevel division plate to feed 
pipes fitted thereon, and through these into the top distributing device. From this 
device it is driven by centrifugal force, emerging in the form of a very fine mist. As 
pointed out in another part of this chapter, see page 366, to secure the greatest 
efficiency the reaction surface between the wash oil and the gas must be as large as 
possible and the time of contact as great as can be allowed in economical works 
practice. 

To reduce the wash oil to a fine mist 1s the most correct method. When a 
liquid is broken up, in air, into small particles these assume the spherical shape, 
and as the sphere is the body which exposes the minimum surface for a given 
volume it is necessary to break up the liquid into spheres of the smallest size 
possible. This is done by converting it into a mist. 

The other point is the increased time of contact during the passage of the gas 
through the scrubber, and this is secured by the swirling motion imparted to the gas _ 
and wash oil mist ; the effect of centrifugal force produced by the rapid rotation of 
the devices, 

For efficient washing gas slip must be reduced to a minimum, and in the type of 
scrubber now being described this is reduced to a practical impossibility, as the whole 
of each chamber is filled with wash oil mist. Another important point is the fact 
that the whole of the chamber space is in effective commission, the amount of wash 
oil on the division plates being very small; in fact, just that quantity which is 
continuously running from the bottom of each chamber in order to keep the respective 
devices charged and maintain a constant flow of wash oil through the scrubber. As 
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will be seen from the diagram the actions just described take place in all the chambers 
of the scrubber. 

The consumption of power for each scrubber is very small, as the moving parts 
are all well balanced and work in ball bearings, also the back pressure thrown is very 
low owing to the swirling action given to the gas by the revolving liquor-atomising 
devices. In support of these statements the following example is given—three 
10,000,000 cubic feet per day scrubbers of this type took under 5 b.h.p. to drive and 
threw less than 4 inches of water pressure. 

Oil scrubbers and benzolising columns can be packed with Lessing or Raschig 
rings. In connection with the former, some tests were made during the European 
War for the Explosives Department of the Ministry of Munitions, with the object of 
comparing the efficiency of ring-filled columns with the ordinary type of column of 
double the size. It was found that the benzolising efficiency was raised from 66 per 
cent. to 90 per cent., with the yield of a crude benzole of which 80 per cent. boiled 
below 120° C., as against 70 per cent. with the old still of double the size. 

The benzolised and debenzolised oil tanks may be of any suitable shape and size 
Cylindrical tanks made from second-hand steam boilers from which the tubes have 
been drawn and the ends blanked will serve this purpose admirably. A manhole must 
be provided for the purpose of cleaning, etc., and also a hole for the inlet pipe at the 
top of the tank and another for the outlet pipe with its centre about 4 inches from 
the bottom. 

Most benzole recovery plants have heat exchangers and steam heaters, through 
which the benzolised oil passes before it enters the still; others are provided with 
a preheater only, and there are cases in which these pieces of apparatus are dispensed 
with and the benzolised oil flows direct into a fire-heated still. 

Heat exchangers are for the purpose of assisting 1n the cooling of the debenzolised 
oil after it leaves the still, and the heating of the benzolised oil in its progress towards 
that piece of apparatus. They consist of covered cylindrical or other suitably 
shaped tanks of cast or wrought iron or mild steel, into which are placed coils of 
pipe constructed of either cast or wrought iron. Wrought-iron tanks and coils are 
suitable only in cases in which corrosion is slight, but when it is to be feared that 
ammonium salts, such as the chloride, are likely to be carried through the plant, 
then it is wise to use cast iron, as this metal resists the corrosive action of ammonium 
chloride and other ammonium salts better than does wrought iron. In order to 
facilitate the cleaning out of the tank, say, after brushing down the: coil, there should 
be provided a 14-inch or 2-inch cock at the bottom ; the slurry can then be flushed 
out through the cock. The hot debenzolised oil passes through the tanks and the 
benzolised oil through the coils, the former losing heat and the latter gaining it during 
this progress. The inlet for the debenzolised oil is placed at the top of the side of the 
tank and the outlet near the bottom. The coil inlet and outlet are at the top of 
the tank, and the coil is so arranged that after it enters the tank it falls in a straight 
piece to the bottom and then rises in the form of laps until it reaches the outlet. 
It is unwise to make the laps too close together ; a distance of about 3} inches 
between each lap must be allowed, and the outside of the coil should not be less 
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than 6 inches from the inside of the tank. Some heat exchangers are of the tubular 
type, 2.e. a series of straight tubes held in position by two end or tube plates, the 
whole being surrounded by a cylinder provided with two covers. 

In some plants the hot debenzolised oil circulates through the coils of the heat 
exchangers and the benzolised oil which is to be heated through the tanks, and in 
cases like this it is recommended! to fit a vapour pipe to the cover of the tank to 
conduct away any benzole vapours which may be formed to a condensing coil, and 
also to put in a baffle chamber to prevent any wash oil being carried over into the 
condensing coil. | 

The object of the preheater is to raise the benzolised oil to a temperature just 
before entering the still at which the maximum amount of crude benzole will be 
removed from the oil, and which will prevent the entanglement of water by the wash 
oil and enable the oil to leave the still carrying a minimum quantity of water. A 
preheater consists of a covered cylindrical, square or rectangular tank, containing a 
steam coil arranged in the form of laps. In cases in which corrosion is anticipated 
the tank and coil must be of cast iron for the reason just mentioned when dealing 
with heat exchangers. otherwise the tank may be of mild steel and the coil of wrought- 
iron steam pipe. Where corrosion has to be considered J. A. Wilson? recommends 
the following as a good construction for a preheater. A rectangular tank “ built 
up of a few strongly flanged sections, with cast-iron U-pipes for the steam, these 
to be free at one end and jointed to the outside of the still at the other, the pipes 
being connected to each other by short U-bends, and being fixed horizontally, so 
that the oil will have an impinging action on them in its upward flow through the 
preheater.” This worker advises against the use of gilled steam pipes, as they readily 
collect solid matter as it is deposited from the oil and thus reduce the heating efficiency 
of the coil. As a deposit of some sort is likely to form on any type of steam pipe 
it is advisable to arrange for a means (an easily removed cover, for instance) by which 
the coil can be brushed down from time to time, and in this connection it is a good 
plan to fit a 14-inch or 2-inch cock to the bottom of the tank, through which the 
slurry can be removed. The laps of the coil should not be too close together; a 
distance of at least 4 inches being allowed between each lap. The inlet for the 
benzolised oil is on the side near the bottom of the preheater tank and the outlet 
on the opposite side near the top. It 1s advisable to fit a vapour pipe to the cover in 
order that any crude benzole vapours which come off from the heated benzolised 
oil may be conducted to a condenser coil. It can be so arranged that this 
vapour pipe leads to the condenser coil which is connected to the vapour pipe of 
the stall. | 
Where it is intended to adopt fire heating for the purpose of distillation a still 
of the pot type can be used, similar in construction to that illustrated on page 132, 
Fig. 30, but without the internal steam pipes. It is constructed of wrought iron or 


1 Gas World, November 18th, 1916, p. 460. 

2 “Some points in the Recovery of Benzole.”’ J. A. Wilson, read before the Coke 
Oven Managers’ Association, Midland Section. See Gas World, Coking Section, December 
2nd, 1916, pp. 11-14. 
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mild steel plates, with a cast-iron swan neck and vapour pipe. In setting the still 
there is no need to put in a curtain arch. 

The best kind of still, and the one used in the larger number of plants, is of the 
continuous type, and it consists principally of a tower built up of cast-iron segments 
or chambers. The design of these segments varies a little according to the ideas 
of the makers, but broadly speaking there is a great similarity. Hach segment, 
with the exception of the top and bottom ones, has a plate cast on it, and each plate 
is provided with one or two overflow pipes, and several inlets over which are placed 
hoods or dispersers. The inlets and overflow pipes are so arranged that a seal of 
oil remains on each plate. As a matter of fact, the illustration of the column on 
page 253 gives a typical idea of the arrangement. The segments, with the exception 
of the top and bottom ones, are approximately 1 foot deep and 3 feet 9 inches to 
4 feet in diameter, flanged, and provided with perfectly faced joints. The top 
segment 1s simply a shallow dome with an outlet cast on the top, in the centre, to 
which is fixed the vapour pipe. With regard to the bottom segment, this is much 
larger than those which compose the greater part of the still, and there is no plate 
cast on it. Approximately the size is 3 feet 9 inches deep. On this segment are cast 
an outlet for the debenzolised oil and an inlet for the live steam supply. In some 
cases there is a second inlet for the purpose of introducing a steam supply to a closed 
steam coil. This latter arrangement is considered by many workers, and also by 
the writer, to be an advantage. The live steam is introduced into the still by means 
of two jets or a small, open steam coil provided with a few perforations. On the third 
segment from the top is cast an inlet to which is connected the benzolised oil supply. 
It should be mentioned here that some stills are provided with a baffle chamber 
(which is fitted to the top segment) and on the top of which is fixed a vapour pipe. 
In cases like this the inlet for the benzolised oil is cast on the top segment of the 
still proper. The number of segments provided with plates varies somewhat accord- 
ing to the make of the still, but a good average is twelve when the still is not pro- 
vided with an “‘ outside’ dephlegmator. If it is desired to connect a dephlegmator 
to the still, then the latter must not be too high, 7.e. there must not be too many 
segments in its construction, or else dephlegmation will take place where it is not 
wanted, that is in the still. The number of segments in cases like this should be 
about eight. 

The purpose of an “ outside’ dephlegmator attached to the still is to remove 
much of the naphthalene from the wash oil and also to prevent it getting into the 
crude benzole. This excellent idea was advocated strongly by the late Mr. G. Stanley 
Cooper, a clever and much respected worker, especially in matters relating to the 
coke oven and by-products industry. The construction of the dephlegmator varies 
according to the ideas of the maker or the designer. One type is very similar to 
that illustrated and described on pages 260 and 261. The diameter is, however, 
rather greater, being about 3 feet, and the overall length less, varying between 4 
and 5 feet, and the water tubes are not quite so close together. Another type of 
dephlegmator is built up of several cast-iron segments, each water jacketed and 
provided with a plate on which are inlets, hoods, and overflow pipes. The number 
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of segments containing plates varies, but it is usually between five and six. In the 
tube dephlegmator the vapours from the still enter at the side, near the top, and the 
uncondensed vapours leave at the side, near the bottom, but in the plate type the 
vapours enter the side of the bottom segment and the uncondensed portion leaves 
at the top from an outlet cast in the centre of a shallow dome which is bolted on to 
the top section. In both types the condensed liquid, oil containing a quantity of 
naphthalene, leaves at the bottom and is conducted away to cooling tanks in which 
the naphthalene separates out. It is not wise to place the dephlegmator too far 
away from the still; a distance of about 4 feet is quite enough. 

Cooling tanks for the purpose of receiving and cooling the oil which leaves the 
dephlegmator, in order that its excess of naphthalene may separate out, should be 
constructed of mild steel plates and erected under cover, but away from any source 
of heat. They should be shallow, say, about 2 feet deep, and of any suitable length 
and width to suit the volume of oil to be dealt with. If a means of refrigeration is 
already in existence and an extension can be conveniently made to these tanks, 
it will be an advantage, so far as speed and complete separation of naphthalene are 
concerned, to use it. Circulating cold water through pipes resting on the bottom 
of the tanks acts fairly well in the summer time. 

The condenser attached to the still consists of a length of wrought-iron tubing 
or several lengths of cast-iron pipe arranged in the form of a number of laps and 
placed in a cylindrical, square, or rectangular tank according to convenience. Con- 
denser tanks and coils have already been dealt with on pages 150-152 and 262. 

A description of a suitable separator or divider will be found on page 154. 

As a receiver for the crude benzole a cylindrical, square, or rectangular tank 
constructed of mild steel plates can be used, according to convenience. It must 
be a covered tank, the joints of which should be double riveted and well caulked. 
On the top of the tank is a manhole with a tight-fitting lid, a hole, say, 1 inches, 
for the inlet pipe and a 4-inch hole which acts as an air vent and which can also be 
used for dipping purposes. This hole must be closed with a plug when not in use. 
A 2-inch outlet pipe is fitted on the side of the tank with its centre about 3 inches 
from the bottom, and it is as well to fit a 14-inch drain cock on the bottom of the 
receiver. This will be found useful for cleaning purposes. 

Oil coolers vary somewhat in construction. In some plants they consist of a 
number of flanged cast-iron pipes, placed horizontally, and connected with U-bends, 
and arranged in tiers of six or more, or on the flat in a tank. In the case of the 
former arrangement the bottom tier of pipes is suspended in a tank, generally con- 
structed of concrete, and all the pipes are water cooled, the upper tiers by means of 
water sprays or water trickling over them and the bottom layer by the water in the 
tank, which must, of course, be kept on the move. In the latter arrangement the 
pipes are totally immersed in water, of which there must be a plentiful supply 
passing through the tank. With reference to the area of cooling surface, see 
page 368. 

Sometimes the cooler is constructed in a similar manner to an ordinary still 
condenser and placed in an upright position, or else it consists of a number of tubes 
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swelled into two tube plates and fitted into a cylindrical iron vessel, the whole 
arrangement being placed in a vertical or horizontal position. 

Pumps may be of any reputable make, either of the ram or centrifugal type. 
So far as efficiency is concerned the latter type of pump is the better to use, and as 
they are designed for high lifts, from 25 to 50 feet or even more, there need be no 
fear on this score. A special type of rotary pump suitable for dealing with wash 
oil is now on the market. It is capable of pumping oil at a temperature of 120° C. 
and can be used with a suction lift of up to 8 feet. This pump is made by the Roots 
Company of Connellsville, and according to the makers 75 to 85 per cent. of the 
power applied to the operating shaft is absorbed in doing useful work. 

It 1s a wise plan to provide a means by which the supply of debenzolised wash 
oil to the scrubber and also the supply of benzolised oil to the still can be controlled. 
This can be done by the use of a meter and a cock provided with a quadrant, feeding 
by gravity from a tank in either case. A gauze sieve must be placed before the inlet 
to the meter for the purpose of keeping back particles of solid matter, and the sieve 
should receive regular inspection to see that this material is removed from it. With 
reference to the meter, a certain amount of trouble may arise in regard to corrosion, 
but there is no doubt that with proper representation makers will be induced to 
construct meters of a specially resistant metal. 

Blair, Campbell and McLean’s benzole recovery plant is illustrated in Fig. 122. 
In this plant the benzolised oil leaves the feed tank A and passes through a special 
oil regulator provided with an automatic float valve, then through an oil meter D, 
and from this piece of apparatus to the tubular preheater EH. Should any extra- 
ordinary back pressure take place in the plant the automatic float valve of the oil 
regulator comes into action and immediately cuts off the oil flow. In the preheater 
the oil is raised to a temperature of about 90° C., by means of the outgoing vapours 
from the still. From the preheater the oil flows to the tubular heat exchanger F. 
This piece of apparatus is connected to the debenzolised oil outlet of the still,a matter 
of importance, as the quantity of steam required for heating the benzolised oil before 
passing into the still, and also the amount of water for cooling in the case of the 
oil coolers, is much reduced, and consequently smaller vessels are needed in each 
case. On leaving the heat exchanger the oil passes into the superheater G, in which 
its temperature is raised to approximately 130°C. The superheater is of special 
design, the steam coil being arranged in halves, and each half made interchangeable. 
By doing this the scrapping of the full length of coil is obviated when the top or 
bottom portion becomes so corroded that its removal is necessitated. Corrosion is 
most probably brought about by the presence of small quantities of ammonia, 
ammonium sulphocyanide, ammonium chloride, and carbon disulphide in the wash 
oil, assisted by water vapour and an elevated temperature. It is thought probable 
that the carbon disulphide and ammonia present may form ammonium sulpho- 
cyanide according to the well-known reaction : 


3CS,+8NH,—NH,CNS+(NH,).8,+2NH,CN+2H,8. 


Fitted to the superheater is a vapour pipe which conducts any benzole vapours 
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away into the higher sections of the still. The oil, on leaving the superheater, flows 
into the still at about its middle section. Here and during its travel downwards 
through the fractionating plates it meets with steam, which enters the still at the 
bottom via a detachable perforated coil. On the arrival of the oil at the bottom 
of the still it is conducted through a seal pot to a pump O, and is pumped into the 
heat exchanger F, and from this piece of apparatus it is run to the oil coolers M. 

The still is built up of cast-iron sections, each of which has division or fraction- 
ating plates cast in the middle of and fixed between alternately. The vapour passages 
in the plates are fitted with bells of an improved type which ensure a large vapour 
area, and consequently thorough and intimate contact between vapour and liquid. 
The bells are spaced at correct distances so as to ensure the maximum deformation 
of the bubbles, a most important consideration for efficient results. 

The vapours of benzole, etc., driven from the oil by the steam, ascend through 
the fractionating plates and eventually arrive at, and pass into, a special dephleg- 
mator J of the horizontal type. In this piece of apparatus the heavier oils and 
naphthalene (which remains in solution in the oils) are separated. The non-condensed 
benzole and water vapours pass out of the dephlegmator through the vapour pipe 
to the preheater E, and then leave this piece of apparatus and enter the tubular 
water condenser K. Here they are condensed and flow into an automatic separator 
which divides the benzole from the water, the former running to a storage tank and 
the latter to waste. It will be noticed from the diagram that the condenser is placed 
above the separator, thus economising floor space. A noxious gas separator 1s 
provided through which these gases pass before entering the atmosphere. 

A great improvement in this plant is the fact that it is fitted with pyrometers 
connected with indicator apparatus so that all temperatures can be read at one 
point. Further, a thermostat can be fitted to the still, thus automatically con- 
trolling the heating. 

W. H. Wright?! states that in the United States of America the general type of 
scrubber used in the recovery of benzole from coke oven gas is in the form of a 
tower, varying from 6 to 24 feet in diameter and 40 to 90 feet high, and uniformly 
fitted with wood grids. In a unit of plant three such towers are placed in a series. 
The wash oil is circulated in counter-current to the flow of gas, and sufficient quantity 
is employed to produce a wash oil of 2 to 3 per cent. benzole content. Petroleum oils 
of high boiling-point are used for washing, and the time of contact of the oil with 
the gas in the large number of plants is between 70 and 100 seconds. The tem- 
peratures of the gas and the wash oil are kept below 25° C., as at about this tem- 
perature the absorbing power of the oil begins to drop off very rapidly. . The 
benzolised oil passes first through a vapour-to-oil heat exchanger and then through 
an oil-to-oil heat exchanger. Wright suggests the use of ammonia refrigeration for 
cooling the wash oil, also that the cooling be brought about with the wash oil inside 
the tubes and the cooling medium outside until a temperature of about 4:5" C,. 
is reached, and then finishing the cooling with the oil outside the tubes and the 
cooling medium inside. 

1 Amer. Gas Inst., see Gas Jour., 1917, 140, 462. 
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The plant used in working up crude benzole, and that employed in making 
rectified benzole and toluole, has already been described in Chapter XII, and the 
reader is referred to it for information on this subject. 

There are several advantages secured by using oil instead of tar to recover the 
lower benzenoid hydrocarbons from coal gas. The chief of these are :— 


1. Variation in atmospheric temperature does not seriously affect the 
efficiency of the process; during the winter months the oil does not thicken 
up like tar. 

2. The stripping of the gas can be carried out to completion or partially, as 
desired. 

3. If the process is properly worked naphthalene is removed from the gas in a 
very efficient manner. 


The benzole recovery process is a continuous one, the wash oil first passing 
through the scrubbers and from these to the benzolised oil tank, thence onward 
through the heat exchangers and superheater to the still. In the still the benzolised 
oil is relieved of its crude benzole, and then it passes through the heat exchangers 
and from these to the air coolers and finally to the debenzolised oil tank. From 
this receptacle it is pumped to the first scrubber and from this piece of apparatus 
the whole process is repeated. The wash oil continues in circulation until it becomes 
‘spent’ oil, which is thicker and its specific gravity and distilling range higher 
than that of the original “fresh” oil. It is then replaced by a fresh supply, or 
else a certain percentage of the wash oil is removed from circulation at regular 
intervals, the same amount of “ fresh ”’ oil being added. 

The quality of the wash oil plays an important part in the efficiency 
of working and should receive due consideration. Several kinds of oil have 
been suggested as suitable for use in the stripping of gas, the chief of 
which are :— 

Moderately light creosote oil. 
Heavy creosote oil. 

Strained anthracene oil (green oil). 
Petroleum distillate (gas oil). 
Shale oil distillate. 

Blast-furnace oil. 


Although the shale oil distillate and petroleum distillate (gas oil) possess good 
benzene and toluene absorbing powers, they have not received general acceptance, 
chiefly on account of the risk there is of obtaining a crude benzole containing paraf- 
finoid bodies. A crude benzole containing these bodies is not so valuable on the 
market on account of the difficulty, and in some cases the impossibility, in separating 
the paraffinoid hydrocarbons from the rectified products. The fact that gas oil is 
free from naphthalene and is ‘an excellent solvent for this substance is certainly in 
its favour. At the time of writing it is being used at some works with good results, 
but in these cases it is undoubtedly a well-chosen oil. Ifa petroleum distillate which 
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on distillation yields nething below, say, 170° C. is employed, the risk of obtaining 
rectified products containing paraffinoid bodies is much reduced, and with careful 
working up of the crude benzole satisfactory results may be obtained. When, 
however, oils of a different class (e.g. creosote oils) which introduce no risks 
of this kind can be easily secured, then it is wise to use them and to avoid 
paraffin oils. 

In regard to the creosotes and strained anthracene oil, these materials seem to 
be in greatest favour and are used very largely, particularly the heavy creosote. It 
appears that a coal-tar creosote boiling between 220° and 265° C. extracts benzole 
and toluole from coal gas better than the heavier coal-tar distillates, but this is not 
the only factor in the case. Consideration must be given to the amount of wash 
oil (creosote) which will come over with the crude benzole during the debenzolising 
process. Using a creosote with a low distilling range will result in a larger amount 
of its lower boiling-point compounds distilling over with the crude benzole than if 
a creosote of a higher distilling range be employed. In this respect it is an advantage 
to use one possessing a distilling range, say, between 250° and 325° C., although 
the benzole-toluole absorbing power is not quite so great. However, a creosote of 
this distilling range has one disadvantage, and that is its rather high viscosity when 
compared with lighter fractions. This results in rather a lower efficiency in regard 
to its stripping powers, especially during the cold weather, and it also renders 
the oil a little more difficult to cool after leaving the still. Bearing all these 
facts in mind, and with a desire to secure as high an efficiency as possible, it 
is best to use a creosote with a medium distilling range and to employ careful 
dephlegmation to separate from the crude benzole, immediately it leaves the 
still, as much as possible of the wash oil which is carried over. One of the best 
specifications of a creosote for gas stripping which has come to the author’s notice 
is that given by Walmsley and Morfey. This has been referred to in Chapter 
XX, page 344, but for the sake of convenience the distilling range is given here. 
It is :-— 


Dropping point : . 210°-220° C. 
50 per cent. distils over at . : : 250° C. 
SOmeme se ip : : 300° C. 


Although the distilling range of strained oil (green oil) is high, it is not so 
suitable as heavy creosote on account of its high viscosity and its low benzole- 
toluole absorbing property. A strained oil having a specific gravity of 1-100, 
on distillation in a Wurtz flask, the thermometer being in the vapour, bulb 
opposite the outlet, showed— * 


Up to 220°C, . . 9 percent. 
sf ct La ie. Sege 
epee PACU AC | ny Ae 
eae OCs . . Ba plete gy 
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Further specifications of creosotes used in the process of gas stripping are as 
follows :— 


(a) Specific gravity at 60° F. ; ec 0A0 
Tar acids . , ; : : . 8 per cent. 
Distilling up to 200° C. ; Peis WY > ee 
3 ey er rate CF ‘ a eee 
? » 240°C. eR ‘ 
¥ ee VEE: : 4 COmmmnee 
fe 3) OO ; ; ae ” 
. aye UU ACE ; icikn. 
(b)? Specific gravity ’ se Oey 
Naphthalene. ; . 21-6 per cent. 
Below 200°C... Pa aieiy | oe 
2 20AG ie . Loans 
ye 24.0 eC one, po RO ee, 
sue OU Cae ie ae. ee Len wA Oy Ge Noes 
pe a eee 20 ees 
pp LDR eo un OU mee 


It will be observed that in the last specification the content of naphthalene is 
high, particularly for a wash oil. The naphthalene trouble is the gasworks managers’ 
“nightmare,” and any means by which this trouble can be reduced is always welcome. 
In the process of stripping gas the content of naphthalene in the gas is usually 
reduced by the solvent action of the wash oil, but if a wash oil is employed which 
contains an excess of naphthalene the opposite result will, in all probability, be 
obtained, particularly if the percentage of napthalene in the gas, before washing, 
is low. It is desirable on this account to begin with a fresh wash oil practically 
free from naphthalene and to sce to it that that which is picked up from the 
gas is removed during the debenzolising process by dephlegmation, or else 
allowed to crystallise out of the debenzolised oil by chilling and settling in 
suitable tanks. 

That washing the gas with oil removes much of the naphthalene should be a 
strong recommendation to gas engineers to instal a stripping plant, but in doing so 
they must not lose sight of the fact that the wash oil removes from the gas much 
of the material (benzene, toluene and xylene) which holds naphthalene in suspen- 
sion, and that any naphthalene which still remains in the gas may deposit some- 
where and cause trouble. This may be prevented by spraying into the gas (after 
it has been stripped) a suitable solvent by one of the well-known processes, and by 
doing this the gas will also be enriched. 

During the year 1917 blast-furnace creosote received attention in connection 

1 The Gas Chemists Summary, 1915, p. 82. 


2 “ Effect of the War im Gasworks Practice,’ J. Weyman, M.Sc _ See Gas World, 
May 13th, 1916, p. 445. 
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with its suitability as a gas-stripping material. It possesses the following 
advantages : 

1. The naphthalene content is practically nil. 

2. It is a good solvent for benzenoid hydrocarbons. 

3. Itis an excellent solvent for naphthalene, much better than coal-tar creosotes. 

4. It has a high distilling range. There is one disadvantage, and that is during 
the cold weather it is liable to become more viscid than a suitable coal-tar creosote, 
with the results mentioned on page 361. 

Unfortunately, the volume produced annually is much less than that of coal- 
tar creosote, and this limits its use. It can, however, be mixed with the coal-tar 
product with advantage. Owing to the high germicidal value of the tar acids con- 
tained in blast-furnace creosote it 1s much sought after by disinfectant manu- 
facturers, who extract all or most of the tar acids, and who are generally in a position 
to supply the extracted oil in a condition eminently suitable for gas stripping. A 
specification of a blast-furnace oil is given by Geofirey Weyman,! which is as follows : 


Specific gravity . . 0-957 
Naphthalene. . trace 
Below 200°C... . 4 per cent. 
peor Cee ; Be . 
vee 2405 Goan ; ; Da oe Par 
or 2008 CUR: ; ; ; ; or) * 
fy PAUL ; ' ~ 08 A 
SUE EL” : fo Poi ek 


Some particulars of blast-furnace oils which have been recommended for gas 
stripping are given in Table 71. 
































TABLE 71 
Per cent, up to 
Sp. Gr. Tar SEN) nr gree, ce eo ee 
at Acids Water t 
lpACw pereecnts|s 651) 9202 Cm 240° On|) 260°C. | 280°C.) 300° Cr) 340° OF) 360°C. 
0-961 | 5-0 0-5 3 i 20 43 55 80 89 
0-960 | 4:6 | trace 3 8 23 42 56 79 86 
0-961 | 4-0 0-5 2 6 24 44. 62 81 89 











| 





The point as to whether it is an advantage to use a wash oil containing tar 
acids or not remains as yet unsettled. It is an established fact that tar acids are 
excellent solvents for naphthalene, while coal-tar hydrocarbons are very poor in 
this respect. This fact alone seems to decide in favour of using wash oils of the coal- 
tar creosote type which contain tar acids. These remarks do not apply to blast- 


1 ‘* Effects of the War on Gasworks Practice.”’ See Gas World, May 13th, 1916, 
p. 445. 
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furnace oil (tar acid free) as the hydrocarbons contained in it are excellent naphtha- 
lene solvents. Toillustrate these facts the author gives the following figures, Table 72, 
obtained by him some time ago under strictly comparable conditions. In the 
table the solvent power of tar acids extracted from coal tar creosote is taken as 100. 

In the Brageat process for gas stripping a mixture of cresols is used which 
boils at 185°-203° C., and which is liquid at a temperature of —-18°C. It is said 
that the amount of liquid to be debenzolised is much less than is usual with other 
wash oils, as the cresol mixture will absorb approximately three times as much 
benzole as will creosote oil. 

The effect of water in the wash oil on its extractive power is one which requires 
careful consideration. Practice has shown that as the percentage of water in a wash 
oil rises, so does its absorptive (or extractive) power decrease. For instance, an oil 
containing about 3 per cent. of water will absorb approximately 36 per cent. less 
benzenoid hydrocarbons than a water-free oil, while one containing 7 per cent. will 
absorb 45 per cent. less. When purchasing an oil for gas stripping it should be 
laid down that it must not show more than 0-5 per cent. of water when submitted 
to a distillation test. It must not be forgotten that there are other channels by which 
water may get into the wash oil. For instance, the gas carries a certain amount of 


TABLE 72 
Material. Naphthalene solvent power. 
Coal-tar acids from creosote . ; : mee LO0-0 
Creosote oil containing 25 per cent. tar at ' . 26-5 
Creosote oil free from tar acids ; ce ANNE? 
Blast-furnace oil free from tar acids ; . 108-9 


water in the form of vapour, which, if the wash oil is at a lower temperature than 
the gas, will be taken up by it. It is necessary on this account to see that the wash 
oil as it enters the washer is at a slightly higher temperature than the gas, say, 
about 2° C. Water may also get into the oil during its treatment in the debenzolising 
still if this piece of apparatus is steam heated. As already mentioned, steam-heated 
stills are fitted with “ live”’ as well as closed steam coils, and if the steam is wet, 
that which leaves the open steam coil will deposit water in the oil, particularly if 
the oil, as it enters the still, is at too low a temperature. To avoid this it is wise to 
superheat the steam a little or pass it through a water separator before allowing 
it to enter the still. If the benzolised oil is too low in temperature when it enters 
the still 14 may bring about condensation of the “live ”’ steam, even when this is 
supplied in a comparatively dry state. To steer clear of this the temperature at 
which the benzolised oil enters the still and that at which the debenzolised oil leaves 
it must be properly controlled. The temperature at both these points should be at 
least 10° C. above the boiling-point of water, being a few degrees lower at the 
outlet than at the inlet. Various temperatures have been recommended from time 
to time, but in the opinion of the writer an inlet temperature of 120°C. and an 
outlet temperature of 110° C. will, in most cases, give satisfactory results. It must 
be borne in mind the temperature that the higher used in the still the greater the 
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possibility of forming decomposition products in the oil, and thus hastening its 
“thickening ’’ and the shortening of time of service of all or part of it. Thickening 
of the oil is also brought about by the loss of the lighter portions during steam 
distillation in the debenzolising still, and in some cases by the tar which it picks up 
from the gas, when the gas is not quite tar free. 

It is convenient at this point to mention again that the steam supplied to the 
still should be dry, and, with advantage, slightly superheated. That which passes 
through the closed coil, which is fitted in some of the debenzolising stills, will give 
good results if it is at a pressure of between 60 Ibs. and 80 ibs. to the square inch. 
With regard to the “live” steam which enters the still via the perforated coil or 
steam jets, this must not be introduced at too high a pressure, or some of the un- 
fractionated oil will be blown over with the crude benzole. On the other hand, 
steam supplied at too low a pressure will not properly fractionate the oil, because 
as it meets the descending oil at each plate its temperature and pressure fall until 
finally it reaches a stage, near the top plates, at which it cannot sufficiently agitate 
and heat the oil nor “ lift” the crude benzole vapours to the vapour pipe. Further, 
steam at very low pressures, unless superheated near the still, is very liable to be 
wet, and this, in addition to a fall of pressure due to the expansion in the still, will 
introduce the risk of some water being deposited in the oil. Steam is always reduced 
in pressure by throttling or wire drawing, and this process takes place when the steam 
passes the control valve and also when it leaves the perforations in the coil or jets. 
Hence a supply from a boiler at a very low pressure would be reduced further on 
entering the still, and in spite of the fact now to be mentioned it is not an advantage 
in this case. When steam is throttled or wire drawn it is rendered less wet than it was - 
originally, and, in fact, if it is not inordinately wet it is dried and possibly superheated 
(this is not the case if the pressure is reduced by expansion). It follows from what has 
been said that steam should be supplied from a boiler working at a good pressure, say, 
between 60 Ibs. and 80 tbs. to the square inch ; it must be dry; and it should enter 
the still immediately after being reduced in pressure by throttling with the control 
valve near the steam inlet. This valve can be carefully opened by the plant man and 
the supply of steam into the still regulated according to the flow of condensate from 
the worm end. 

The benzenoid hydrocarbons exist in coal gas in the form of vapours, or for all 
practical purposes in the form of gases ; liquids when converted into vapours obey 
all the laws of gases. In the process under consideration we may consider these bodies 
as indifferent gases when compared with the solvents used to extract them. The 
removal of active gases, 2.e. those which will react easily with an absorbing medium, 
is a simple matter compared with that of the absorption of indifferent gases. In 
the former case chemical absorption can be brought about by the employment of a 
suitable absorbing medium and making use of the ionic state, but in the latter case, 
having non-electrolytes to deal with both in regard to the gases and the absorbing 
medium, it is not possible to take advantage of an ionic state, and the process will 
proceed much more slowly. Bearing in mind the law which governs the solution of 
gases in liquids, viz., “ given a state of equilibrium, the concentration of a gas bears 
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a constant relation to that of the solution,” the term concentration indicating the 
amount present in a unit volume, we shall be able, briefly, to consider the theoretical 
side of gas stripping. Now, the concentration of a gas and the quantity of it which can 
be dissolved in a liquid are proportional to the pressure and, naturally, to the nature 
of the substance used as a solvent. Also, the temperature of both the solvent and the 
gas will exert their influence. 

In the process under consideration the separation by absorption of gases 
(vapours) of a similar nature, 2.e. the lower benzenoid hydrocarbons, from a mixture 
of dissimilar gases is aimed at, and the following points should be borne in mind. ° 
The unabsorbed gases (vapours) will carry away with them a certain amount of the 
material used as the solvent, this amount varying according to the vapour pressures. 
In any case it is not very considerable. It is necessary to use the counter current 
system of washing ; to expose the largest possible reaction surface in regard to the gas 
and the solvent, together with sufficient time of contact ; and to maintain a high 
degree of agitation of the absorbing liquid (the wash oil). The reasons are as follows : 
As the absorption of the vapours of the benzenoid hydrocarbons goes on their partial 
pressures in the gaseous mixture becomes less, and the vapour pressures exerted by the 
benzene and its homologues in the wash oil increases. It is therefore necessary in 
order to obtain the greatest possible absorption to bring the strongest solution 
(partly benzolised oil) into contact with fresh or unwashed gas, and fresh wash oil 
containing as little benzene as possible into contact with partially washed gas. 
This can be done only by using the counter current system. The larger the reaction 
surface in the washer combined with a properly regulated supply of wash oil the 
greater will be the surface of contact between the gas and the solvent, the latter being 
spread out in thin films and the former well broken up into separate currents. A high 
interfacial area between the gas and wash oil can be obtained by converting the latter 
into a fine spray. Now the greater the surface of contact, combined with a reasonable : 
limit of time for action, the more efficient will be the absorption of the hydrocarbons 
by the wash oil. If the wash oil is agitated it 1s broken up into drops, and the smaller 
these drops the greater the surface of contact. Agitation is also necessary in order 
to assist in the dissemination of the dissolved gases throughout the wash oil. Agitation 
is obtained mechanically, e.g. by the use of the Walker purifying apparatus, or the 
Blair centrifugal scrubber, or by force of gravity, e.g. in falling from one board to 
another as in the board-packed washers. This method, however, does not tend towards 
the highest efficiency. | 

The amount of wash oil in circulation has an important bearing on the efficiency 
of the plant, and it should be carefully controlled after a decision has been come to 
as to the best volume to use. On plants in various parts of the country the amount 
of wash oil used varies between 55 and 120 gallons per ton of coal carbonised. The 
volume should differ according to the degree of saturation aimed at, and this in its 
turn depends upon the efficiency of the washer and the time of contact between the 
gas and the wash oil. A good average is between 65 and 70 gallons of wash oil per ton 
of coal carbonised, and the degree of saturation about 4:5 per cent. If it is assumed 
that each ton of coal carbonised yields 3 gallons of benzenoid hydrocarbons and a 
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degree of saturation of 4-5 per cent. 1s aimed at, then 67 gallons of wash oil per ton of 
coal carbonised will be required. On the same assumption, for a 4 per cent. saturation 
75 gallons of wash oil will be required, and for a 3 per cent. saturation 100 gallons 
of wash oil. In the case of small works, where necessity requires that the benzolised 
oil be sold or returned to a larger works, then a degree of saturation as high as 9 per 
cent. is often aimed at. It is interesting to note that experience has shown that below 
a certain point the smaller the volume of wash oil used per ton of coal carbonised the 
greater is the amount of toluene and its higher homologues and the less the amount 

of benzene removed from the gas. | 

The supply of wash oil to the washer should be regular and at a constant head. 
If these conditions are varied from the correct standard found for the plant then there 
is a risk of the gas not being properly stripped or of the wash oil not being kept up 
to the required degree of saturation. A diminished head or supply may result in the 
boards, or other material providing the reaction surface, not being properly covered, 
and an increased head or supply will result in thicker films of wash oil and, therefore, 
a reduced contact surface. . 

Reference to the amount of reaction surface required in gas stripping 1s made on 
page 351. Satisfactory results will not be obtained if the figures there given are 
reduced to any great extent—in fact, it would in many cases be advantageous to 
increase them somewhat, say, for instance, to 20 cubic feet of tower space per ton of 
coal carbonised per day, representing approximately 620 square feet of reaction 
surface, if boards are used. These and the figures already given (page 351) are only 
approximate, and when a new plant is to be erected the type of washer to be adopted 
and also the extent to which the gas is to be stripped must be considered. 

One of the most important factors governing the successful recovery of the 
benzene hydrocarbons from gas is that of temperature. The temperature of both the 
wash oil and the gas to be stripped must be carefully controlled. If the temperature 
of the wash oil is too high when compared with that-of the gas, then there is a risk 
of naphthalene being taken up from the former (in cases in which the percentage is 
fairly high) by the latter, and also with this same condition of temperature less 
benzenoid hydrocarbons will be extracted. It is necessary, however, for the wash 
oil to be at a slightly higher temperature than the gas in order to prevent water being 
deposited in the oil; this difference should be about 2° C. Good results can be obtained 
by keeping the gas at about 18° C. and the wash oil at about 20°C. E. W. Smith? 
recommends that the temperature of the wash oil should not be higher than 22° C. 
in order to secure the best working results. 

It may be as well to mention in this place that it is advisable to remove the 
ammonia from the gas before passing it along to the stripping plant. If this is not 
done then there is, naturally, some loss of ammonia due to the deposition of am- 
monium salts in parts of the plant, also there is the risk of increasing the corrosion 
of some of the units of the plant by certain of the ammonium salts, for instance 
ammonium chloride, and the reducing of the absorbing power of the wash oil. 

During each cycle the volume of the wash oil is reduced by a small amount. 


1 See Gas World, December 16th, 1916, p. 541. 
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This is mainly due to the fact that some of the lower boiling constituents of the oil 
are carried over with the crude spirit during the debenzolising process. This amount 
should be replaced each day by fresh wash oil. It is also necessary to do this to 
reduce to a certain extent the “thickening” of the oil. Eventually, however, the 
oil becomes “ thick” (7.e. the specific gravity, viscosity, and drop point of the oil 
become higher), and its power of absorbing benzenoid hydrocarbons is reduced. On 
this account it is put out of commission and a new lot of wash oil supplied to the plant. 
The “ thickening ” of the wash oil can be stayed for a considerable period if a certain 
proportion is removed each week and replaced by fresh wash oil. In this connection 
E. W. Smith! recommends the removal of 10 per cent. of wash oil from circulation per 
week when using 50 to 70 gallons per ton of coal carbonised. It is advantageous 
occasionally to add fresh wash oil somewhat lighter in specific gravity to the original, 
but before doing this the debenzolised wash oil in circulation should be examined in 
the chemical laboratory for its physical constants. 

Care must be taken that the debenzolising of the wash oil is properly carried 
out before returning it to the washers. A parsly debenzolised oil will not absorb 
the desired amount of benzenoid hydrocarbons, and on this account the efficiency 
of the stripping plant will be reduced. The oil asit leaves the still should be examined 
periodically in the chemical laboratory. 

Another factor upon which the efficiency of a stripping plant depends is an 
adequate supply of cooling water for the condenser attached to the debenzolising 
still (also for the condenser of the rectifying still if this 1s attached to the plant), and 
also for the water condenser through which the debenzolised oil passes before entering 
the storage tanks or receivers. In the case of the debenzolising still condenser a 
flow of about 23 gallons of cooling water for each 1 gallon of distillate condensed is 
a suitable figure to work upon, and for a rectifying still condenser 3 gallons for each 
1 gallon of distillate. For the debenzolised oil coolers an allowance of, say, 14 gallons of 
water per square foot of condensing surface per hour will prove suitable under most 
circumstances. A useful and usually safe allowance to make in calculations connected 
with condensing surfaces for this purpose is 1,000 B.Th.U. per square foot per hour, 
these units being carried away by the cooling water. 

When distilling the benzolised oil (7.e. removing the benzenoid hydrocarbons) 
care must be taken to see that the temperature of the benzolised oil at the inlet and 
that of the debenzolised oil at the outlet are properly controlled. The correct 
temperatures to use and the reasons for their employment have already been given 
on page 364. If the number of compartments or segments in the still is 
insufficient, then the oil under treatment will leave the still too soon and conse- 
quently will not be properly debenzolised. This bad result will also occur if the design 
of the plates of the segments is faulty, or if the oil is passed at varying speeds through 
the still. A constant speed must be arranged for. Ifthe oil is supplied to the still in 
too great a volume, then a choking of the compartments will take place (even when 
properly designed overflows are provided), and there is a likelihood of benzolised 
wash oil being carried over with the steam and crude benzole vapours. The most 


1 See Gas World, December 16th, 1916, p. 541. 
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suitable speed at which the oil should travel through the still of any individual 
plant can be found by examining the wash oil, as it leaves the still, for its content 
of benzenoid hydrocarbons. When this speed is found laboratory control must not 
be discontinued, but a daily test carried out on a bulk sample made up of samples 
collected by the plant man, say, every two or three hours. The debenzolised oil as it 
leaves the still when submitted to a distillation test in the chemical laboratory should 
not yield more than, say, 0-3 per cent. up to 160° C. 

On page 355 mention was made of the use of a dephlegmator for the purpose 
of facilitating the removal of much of the naphthalene contained in the debenzolised 
oil, some of which was possibly in the fresh wash oil and much of which has been 
taken up from the gas. The temperature at which the vapours leave the outlet of the 
dephlegmator must be taken from time to time and kept under control, and although 
a certain amount of latitude can be allowed, any variation must be made with an 
object in view and not carelessly. For instance,the temperature must be varied accord- 
ing to the “strength” at which it is desired to produce the crude benzole or the per- 
centage of saturation of the benzolised oil. Temperatures between 90° and 95° C. are 
used with good results, but 1t 1s wise for the manager to adjust his own temperature 
according to conditions obtaining in his particular case. Ifthe dephlegmator is used 
properly the naphthalene trouble will be considerably reduced, if not wholly done 
away with. 

For the purpose of recovering benzole from gas H. E. Copp! suggests that a 
continuous-process benzole plant be situated at the inlet to the purifiers and should 
consist of a scrubber, heat exchangers, oil superheaters, crude benzole still heated by 
live steam, an analyser, main condenser, separator, and oil coolers. Creosote is 
proposed as the wash oil, which can be prepared in a tar dehydration plant situated 
alongside the benzole plant. When first prepared the creosote will contain 20 to 25 
per cent. of naphthalene and should give the following fractions on distillation :— 


up to 200° C. 8 per cent. 
200° to 230° C. ayy ee Pe 
230° to 280° C. 20, 
280° to 300° C. 15 
residue Rah, tan Se 


On emerging from the scrubber this creosote will contain 2-0 per cent. of benzene 
hydrocarbons, and after passing through the debenzolising still will retain 0-5 per 
cent. of benzole. With the object of freeing the creosote from naphthalene, in order 
that it may wash all the naphthalene out of the gas, Copp inserts a small supple- 
mentary condenser or analyser between the still and the main condenser, and this 
is maintained at a temperature varying between 92° and 98° C., the usual temperature 
being 96°C. The condensate at this point will consist chiefly of water and naphthalene, 
which are collected separately. In actual practice the analyser reduces the naphtha- 
lene content of the creosote to 6 per cent. with the result that the gas, after scrub- 
bing, is entirely free from the former material. At the inlet to the scrubber the gas 
1 Mid. Assn. Gas Eng. & Managers, October 31st, 1918. Gas Jour., 1918, 311-313. 
2B 
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contains on an average 16-8 grains of Res ene per 100 cubic feet, and this is 
reduced by the wash oil to nil. 

A. Hartmann! advocates the debenzolising of wash oil under vacuum, heating 
the oil by means of indirect steam at the ordinary pressure. 

Various grades of crude benzole are 
made on recovery plants, and some of these 
are 65 per cent., 60 per cent., and 55 per 
cent., these percentages representing the 
amount of distillate which comes over up 
to 120° C. when 100 c.c. are distilled in a 
glass retort with the thermometer immersed 
in the liquid. 

_ The composition of the crude benzole 
will vary a good deal according to. the 
“strength”? or the percentage it gives up 
to 120°C. on distillation; the quality of 
the wash ‘oil used; the degree of saturation 
of the wash oil, and so on; in fact, it 
is questionable whether two lots will be 
found alike. In a recent paper? Weyman 
gives the following figures: Benzole, about 
55 per cent.; toluole, 9 per cent.; solvent 
naphtha, 10 per cent. ; bottoms, 26 per cent. 

With regard to the distillation of the 
crude benzole, and the rectification of the 
products, methods and plant for doing this 
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Fic. 123.—Buatr’s Continvous BENZOLE DISTILLATION AND REFINING PLANT. 

















E EE are described in Chapters XII, XIII, and XIV. 

33 a iF Fig. 123 shows the arrangement of a 

pb i continuous benzole distillation and refining 

pve enter | plant by Blaur, Campbell, and McLean. The 

aoe gpeesc vans Ih 85 diagram is practically self-explanatory, but 

Te ee = Caco ol the following brief description of the plant 

aa 2 a 8 32ers and the progress of the material through 
toe Sr Soi it will, no doubt, be useful to the reader. 

a eee Til le The crude benzole from the debenzolising 

ae ee a Lo plant is pumped from its storage tank to 

se SA | an elevated feed tank. From this it flows 

| 25 q via a regulator (marked liquor regulator in 

Boe ans i the diagram) to a preheater. In this piece of 

is Aaa entaes esa apparatus the outgoing residue (“creosote 


1 Ger. Pat. 298,823, November 14th, 1913. 

2 “The Effect of the War on Gasworks 
Practice,’’ Geoffrey Weyman, M.Sc. See Gas 
World, May 13th, 1916, p. 444. 
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oil’) from crude still No. 3 gives up most of its heat to the crude benzole. From the. 
preheater the heated crude benzole is fed into crude still No. 1, on the top of which 
is fitted a special type of vertical dephlegmator. It should be noted here that if it 
is desired to use the plant for the treatment of benzoles of varied compositions, 
that special arrangements are made to distribute them to the column, or still, at 
various heights. The crude benzole whilst descending via the trays of the first 
column (crude still No. 1) exerts a thorough washing of the ascending vapours, and. 
this fact bears great influence on the production of the 90-95’s crude product. As 
the crude benzole flows from the bottom tray it runs into a heating apparatus (liquor 
heater) and here the benzole is volatilised, and the vapours ascending the column, 
pass, via the dephlegmator, to the condenser in which they are condensed, and the 
condensate then flows to a storage tank (feed tank from condenser to washer). 
The amount of steam which enters No. 1 crude still is very small and it is 
regulated by a steam regulator, an appliance which is fitted to each of the stills 
included in this plant, and one which is absolutely necessary for its smooth 
working. 

The heavy residue from the bottom of No. 1 crude still is led into crude still 
No. 2 and undergoes a similar treatment to that described in connection with the first 
still, resulting in the volatilisation of crude 90-95 per cent. toluole, which is finally 
condensed and run to a storage tank. A similar process takes place in the crude 
still No. 3, but crude solvent naphtha is distilled off from the bottom of No. 3 still 
in this case. The residue from crude still No. 3, called creosote oil, passes from the 
still into a seal pot and from this appliance flows to the preheater. On leaving the 
preheater it is led to the naphthalene pans in which salting out is allowed to take 
place. | 

When sufficient of the crude 90—-95’s benzole, 90-95’s toluole, and solvent 
naphtha have accumulated, they are submitted in turn to washing operations and 
fractionations in the refining plant. The washings are carried out in the usual manner 
as, described in Chapter XIII, and the washed product run into an underground 
feed tank. From this tank it 1s continuously pumped into an overhead feed tank 
which distributes it via a regulator (“‘ liquor’ regulator) to the first rectifying still. 
This still has a tubular dephlegmator of the horizontal type fitted on top, which is 
provided with special facilities for cleaning the tubes, distributing the water, and 
taking away the condensate. 

In the case of washed crude benzole the fore-runnings are taken off in the first 
still and the residue transferred to the second still. Here the refined benzole is 
distilled off and a small amount of toluole residue left, which is cooled by means of 
water, and then fed to a small receiver which is directly connected to the feed pump 
of the main plant. By this arrangement it can be pumped, along with a crude 
toluole charge, to the first rectifying still. 

Dealing with crude toluole, this, after washing, is passed on to the first rectifying 
still in which a small quantity of benzole is taken off, and then to the second still 
which distils off rectified toluole. Any residue is dealt with in a charge of washed 
crude solvent naphtha. This material is dealt with in a similar manner, yielding 
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a fore-runnings of toluole and solvent naphtha of a quality desired by the manage- 
ment. The residue can be sold as a medium heavy naphtha, or dealt with in any 
other manner which occasion may require. 

An excellent paper, one might almost say a classical paper, on ““ Some Physico- 
Chemical Considerations on Benzol Recovery from Coal Gas,” has been published 
by Mr. T. F. E. Rhead, M.Sc.,+ and the author recommends all those interested 
in the important subject of benzole recovery to give this paper their careful study. 
The theoretical principles underlying the process of benzole recovery are dealt with 
in an excellent manner by Whitehead,” and an interesting article dealing with the 
same subject will be found in the Gas World. 

In the Journal of the Society of Chemical Industry of February 15th, 1917, there 
occurs a paper by Dr. R. Lessing entitled, “‘ Extracting the Vaporous Constituents 
from Coal Gas.” This communication deals with a suggested method of debenzolising 
gas by “dry” scrubbing and a method of determining the amount of benzenoid 
hydrocarbons in coal gas, and it should receive the serious consideration of all who — 
are interested in gas stripping. 

The diagram Fig. 124 illustrates the Southport debenzolising plant, whic 
has been erected from material found on the Southport gas estate. Similar material 
is usually found on most gasworks, or can be readily procured at small cost. The 
whole of the plant was erected in ten days’ time at a cost of £25 (labour only, during 
the European War), and in working it has given entire satisfaction. The diagram 
shows the simplicity of the apparatus, and apart from the small amount of labour 
required on the furnace very little supervision is necessary. 

The benzolised oil is continuously pumped into an overhead syphon, which is 
fitted with an overflow. By the regulation of a cock, marked A on the plan, a regular 
supply of oil is maintained. The benzolised oil passes through a heat exchanger H, 
and enters at the bottom of the twin heating tubes at pots B. Connected to the 
inlet pipe there is an extension pipe to the debenzolised oil cooler, which pipe is 
fitted with a cock, so that at any time the oil can be drained out of the heating 
tubes, the end flanges removed, and the tubes cleaned when necessary. The oil 
passes out of the 16-inch heating tubes by means of two 2-inch pipes, at the top 
of which are mounted thermometers. These thermometers are fixed into the top 
plugs and made tight by cement. The tubes are connected to the chamber C in 
the middle of the fractionating column. The benzolised oil, which is heated to a 
temperature of between 110° and 120°C., passes into the lower portion of the 
fractionating column through a quantity of steel turnings and rings, as shown in the 
diagram. At the base of the column there is a small chamber into which a volume of 
steam is passed. The steam meets the hot oil as it passes through the mass of turn- 
ings and rings. It should be noted that the upper portion of the column is filled in 
a similar manner to the lower portion. By a proper adjustment of the steam a 65 
per cent. benzole can readily be obtained from the benzolised oil. It is possible to 


1 See Gas World, January 27th, 1917, pp. 61-66. 


2 ** Benzole,’’ Benn Bros., Ltd., London, E.C.4. 
3 Gas World (Coking Section), February 3rd, 1923, pp. 16-18. 
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obtain as high as 80 per cent. benzole, but if this quality is maintained a certain 
amount of benzole returns with the oil to the storage tank. 

The benzole condenser D is made from 2-inch lead pipe, and is attached to a 
small syphon pot at the lower end in which a separation of the water from the 
benzole is effected. 

In the working of the Southport plant the steam is so regulated that the con- 
densed water coming along with the benzole is equal in volume to the crude benzole. 

The plant is capable of debenzolising 250 gallons of benzolised oil per hour, 
and the maximum amount, 264 gallons of 65 per cent. benzole, may be recovered 
in one day. 

A new method of debenzolising gas which by all appearances has a promising 
future before it, is that of adsorption by silica gel. It is the outcome of research 
and practical experiment conducted by The Silica Gel Corporation of Baltimore, 
and the author has to express his thanks to The Kestner Evaporator and Engineering 
Co., Lid., of London, England, for particulars of the process and for the use of the 
diagram from which Fig. 125 was prepared. 

The silica gel used in the process is, from a chemical point of view, a hydrated 
form of pure silica, and as sent out from the factory contains approximately 18 per 
cent. of water by weight. On exposure to the atmosphere at ordinary temperatures 
it will either take up or give off water, functions which depend upon the humidity 
of the atmosphere or the water content of the gel. The name silica gel does not 
accurately describe the physical nature of the material as used, but rather refers to 
its condition at one stage of its manufacture. Physically, it is a hard, semi-trans- 
parent glassy substance, with the appearance of a clear quartz sand, and a hardness 
on the mineral scale of approximately five. In structure it is highly porous, and from 
a great number of observations certain deductions have been drawn which suggest 
a structure such as would be obtained by piling together, in a uniform manner, 
spherical particles of extremely small diameter. It is interesting to note that it is 
possible, by controlling the conditions of manufacture, to produce silica gels of 
various pore dimensions, and thus obtain materials of different adsorbtive charac- 
teristics. 

Before the silica gel can be put into use 1t must be activated, and, in the case 
of benzole recovery, pulverised. The activation is accomplished by heating to a 
moderate temperature in a stream of air for a few hours. 

In order to debenzolise coal or coke-oven gas the dust type of adsorber plant is 
used in which pulverised silica gel is employed. The general lay-out of the plant 
is shown diagrammatically in Fig. 125. Briefly, it consists of three adsorbers in 
series, each of which is fitted with a dust separator of the cyclone type, and a screw 
feeder in order to provide for a counter-current passage of silica gel through the 
system ; a screw feeder and discharge fan by means of which the activated silica 
gel is returned to the adsorption plant ; a cooling hopper which is provided with a 
cold water inlet and outlet, and in which the hot activated gel is cooled before it 
enters the first adsorber ; two automatic bag collectors which are used alternately 
and in which any silica gel not separated in the second cyclone is removed; an 
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activator of the vertical type; a furnace, the hot gases from which are used to 
raise the temperature of the activator and to which is connected an induced draught 
fan ;.a vertical condenser of the tubular type; a settling tank ; and two receivers 
for benzole. All parts and accessories of the adsorbing equipment and of other 
portions of the plant are of simple standard types. 

The adsorbers contain heat absorbers through which cold water is circulated 
and by which the heat generated by the process of adsorption is carried away. The 
coolers are so spaced that the gas will have a low, but ample velocity to carry the 
silica gel and to insure complete contact between it and the vapour it carries and 
the gel, and also the heat-transfer surfaces. The silica gel is mixed with the gas in 
proper proportion and blown through the adsorbing system. Control of the process 
is maintained by the feeders and inter-stage fans, and not anywhere in the 
system is the velocity excessive or the pressure more than a few inches water 
column. 

The activator, which deals with the silica gel upon which the benzole is adsorbed, 
is, as its name implies, the apparatus in which the gel is re-activated, and at the same 
time a still, for 1¢ is here that the benzole and moisture are driven off, and escaping 
through the swan neck pass to the vertical condenser in which they are condensed. 
It consists of a vertical cylinder containing a series of hollow shelves which are 
heated by means of the hot gases from the furnace, as shown in the figure. Through 
the activator runs a vertical shaft upon which are fitted teeth or ploughs. These 
are so set that, during the rotation of the shaft, those acting upon the top shelf 
take the silica gel from the periphery to central openings, and those acting upon 
the next shelf from the centre to peripheral openings, and so on. On leaving the 
bottom shelf the hot activated gel travels to a screw feed which returns it to the 
cycle, via the cooling and storage hopper. The temperature of re-activation approxi- 
mates 150°C., but it becomes necessary after a time to heat a portion of the gel 
coming from this activator to a higher temperature. This is due to the fact that 
traces of high-boiling liquids are not completely removed at the ordinary activating 
temperature, and therefore accumulate in the pores of the gel, with the result that 
its adsorptive power is gradually reduced. Activating at a higher temperature is 
carried out by causing the silica gel to pass through a horizontal rotating activator 
(not shown in the figure) and submitting it to a temperature of approximately 
400°-500°C. This type of activator consists of a rotating steel cylinder with 
multiple flues and a flue box at either end. It is provided with an axial feed and 
discharge, for the silica gel and evolved gases, and tumbling shelves on the walls 
to insure ample contact of the gel with the heating flues. The rotating flue boxes 
are connected by flexible diaphragms to a fixed combustion chamber or a waste 
heat source at one end, and at the other to a dust separator and condenser, or a 
chimney, depending on whether the evolved gas is to be recovered or wasted. This 
arrangement avoids all difficulties of alignment and leaky stuffing boxes. 

It should be noted that the silica gel can be re-activated indefinitely. There is 
very little mechanical loss of powder (gel), roughly about 4 per cent., and what loss 
does occur is periodically made up by small additions of fresh gel. 
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The subject of the recovery of benzole from gas is very thoroughly dealt with by 
S. E. Whitehead in his excellent work, Benzol, its Recovery, Rectification, and Uses,1 
and the interested reader will be well repaid by perusing it. 
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CHAPTER XXII 
TARWORKS TESTS 


EXAMINATION OF TAR 


Water.—One method of determining this substance in tar 1s as follows : One hundred 
grams of tar are weighed into an 8-oz. tubulated retort with a long beak, and 20 to 
28 c.c. of benzole added. The lot 1s mixed together carefully, and the retort is 
then suspended on a retort stand. A small flame, preferably that obtained with a 
Rose burner, is placed under it, and the water and benzole which comes over 
collected in a measure placed under the beak of the retort. The speed of the distilla- 
tion must be regulated so that the whole of the distillate 1s condensed. With this 
method, the water comes over between from #? of an hour to an hour, without 
frothing. 

Another method which gives excellent and rapid results, but which requires a 
little more apparatus, is carried out as follows: Into the tubulure of an 8-oz. retort 
is fitted a funnel sufficiently large to hold 150 grams of tar. The stem of the funnel 
is shortened and the bore closed by heating in a flame to produce an orifice of about 
3z Inch in diameter. On the end of a length of glass rod a small piece of india- 
rubber tubing is placed, and this is inserted into the stem of the funnel, as shown in 
Fig. 126. A 100 ¢.c. measure is required to collect the distillate. The retort must 
have a long beak, or, better, should be connected to a 12-inch Liebig condenser. 
Into the retort is placed about 50 c.c. of heavy naphtha, free from naphthalene, 
and 100 grams of tar are weighed into the funnel. The naphtha is now brought to 
a boil, and immediately the same commences to distil the tar is allowed to run into 
it through the small orifice in the funnel stem. It will be found that in a few minutes 
alter the tar has left the funnel the whole of the water contained therein has distilled 
over. With care this operation requires from between 20 minutes to half an hour. 
S. R. Church recommends the following method: Measure 50 c.c. of coal-tar 
naphtha, or light oil (which must be free from water), in a 250 c.c. measuring cylinder. 
‘T'wo hundred c.c. of tar are then added and the lot mixed. Transfer the contents 
of the cylinder to a small copper still, and wash out the cylinder with 50 to 75 ¢.c. 
more of naphtha, adding the washings to the contents of the still. The still is con- 
nected up to a tube condenser having a water jacket 154 inches long. Heat is then 
applied by means of a ring burner and distillation carried on until the thermometer 
indicates a temperature of 205°C. The distillate is collected in a separatory funnel, 
into which 15 to 20 c.c. of benzole have been previously placed. The addition of 
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the benzole effects a clean separation of the water from the oil. The water is run off 
into a measure and the volume read. 

Specific Gravity.—F requently the specific gravity of tar is taken by means of a 
Twaddell hydrometer. In carrying out the test with this instrument the tar should 
be brought to 60° F. (15-5° C.). When this temperature is obtained, the hydrometer 
is carefully placed in the centre of the tar, which is contained in a specific gravity 
jar, and plenty of time allowed for the hydrometer to sink. 

Church recommends the following method for taking the specific gravity of 
tar: Between 300 to 400 c.c of tar are dried in the same apparatus as used for the 
water determination, but without the addition of naphtha. The distillation is carried 
on until a temperature of 170°C. is reached. Any oil which has distilled over is 
carefully separated from the water and returned to the tar in the still and thoroughly 
mixed in after cooling. The specific gravity is carried out on this dehydrated tar 
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in a specific gravity bottle of the Hubbard type, whose water capacity at 15-5° C. 
(60° F.) has been determined by experiment. Ten grams of tar are introduced at a 
temperature of 40 to 50°C. into. the weighing bottle, and the weight taken after 
cooling. Freshly boiled distilled water is then added, and the bottle kept in a bath 
at 15-5° C. until no further contraction takes place. The water is then adjusted 
to the mark, and the bottle removed from the bath and weighed. Weight of tar 
divided by the weight of the water displaced will give the specific gravity. 

Another method of taking the specific gravity is to place about 200 c.c. of tar 
in a large covered beaker and immerse the same in warm water, the temperature of 
which must not exceed 50°C. This will cause entangled ammoniacal liquor to 
collect on the top of the tar, when it is removed either by decantation or absorbing 
it with blotting-paper. A portion of the dehydrated tar is then placed into a specific 
gravity bottle (Regnault type) and the determination taken at a temperature of 
15-5° C. 
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Lunge estimates the specific gravity of tar by employing a weighing bottle of 
the shape illustrated in Fig. 127. This bottle is provided with a rill, R, 2mm. wide. 
The specific gravity 1s taken as follows : The weighing bottle is first weighed empty, 
and then again after filling it with water at 15-5°C. The bottle is then dried, dehy- 
drated tar poured into it until it is about two-thirds full, and the bottle, without its 
stopper, 1s then placed into hot water for about an hour, in order to disperse air 
bubbles. The weighing bottle and contents are then allowed to cool to a temperature . 
of 15-5° C. and weighed. The bottle is now filled with distilled water, the stopper 
inserted, and any water which issues from the rill is removed, and the whole allowed 
to stand in a vessel containing water of a temperature of 15-5° C. for about an hour, 
after which the weight is again determined. The specific gravity is found by the 
following calculation: (a) Equals the weight of the empty bottle; (b) equals the 
weight of the bottle filled with water; (c) equals the weight of the bottle plus the 
tar ; (d) equals the weight of the bottle, tar and water ; (s) equals specific gravity. 

c—a 
*~b--e—(a-+d) 

Free Carbon.—The methods of determining this material are fairly numerous, 
but the one which in the author’s opinion gives the best result is 
that devised by Hooper. This method unfortunately takes a 
considerable time to carry out, and on this account the author 
modified it, and by doing so reduced the time to about one- 
quarter of that which is required to carry out Hooper’s test. The 
degree of accuracy is in favour of Hooper’s test, but in the case of 
the author’s method the amount of error is not a very serious one, 
and where time is an important matter it may be used. Hooper’s 
test is carried out as follows: 10 grams of tar are weighed into an 
extraction thimble, which is then closed with a cotton-wool plug 
and placed into a Soxhlet apparatus. The thimble and plug are 
|. previously extracted with the solvents used in the process, dried 

<2 MN and weighed. The tar is then extracted with (a) 90’s benzole, 
Fro. 127.— (6) 90 per cent. at 140°C. pyridine bases, and (c) unmineralised 
SPECIFIC GRAVITY methylated spirit, extracting 50 times with each solvent. The 
BotTrLe FOR Tak ,. 3 , : 5 
TEerrec: thimble is then removed, dried in a steam oven, and weighed 
when cold. 

The following is the author’s method of determining free carbon in tar; An 
extraction thimble, plug of cotton-wool, and lid of filter paper are extracted, first 
with 98 per cent. cresylic acid, and then with 90’s benzole, until extractions are 
colourless. The lot are then dried and tared. Ten grams of tar are weighed into 
the thimble, the plug inserted, and the filter-paper cap placed over and held in 
position with a piece of thin platinum wire. The prepared thimble is then placed in 
a Soxhlet apparatus and allowed to soak in 90’s benzole for a quarter of an hour, 
after which four extractions with 90’s benzole are made. Extraction with 98 per 
cent. cresylic acid is then commenced, and continued until it runs away colourless, 
after which 90’s benzole is passed through the apparatus until it shows no colour. 
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The thimble is then removed from the Soxhlet tube, dried in a steam oven and weighed 
when cold. 

S. R. Church has adopted a very compact and simple extraction apparatus 
(Fig. 128), for use in the estimation of free carbon in tar, which in the author's hands 
has given excellent results. 


“ Free Carbon’ in Tar 


G. S. Munroe and H. J. Broderson! found that when tars were left in contact 
with various solvents for different periods of time the amounts of “free carbon” 
varied. The method they used to determine 
the “‘ free carbon ”’ was that of Weiss (J.S.C.L., 
1914, 474). The results obtained .by these 
workers showed a gradual increase in the 
amount of ‘‘ free carbon”’ with the time, when 
benzene, bromo-benzene, and chloroform were 
used. Other experiments were conducted until “7(---~ 
the tar was digested with the solvent for definite 
periods, the water bath being used as the source 
of heat. The same solvent was used for the 
extraction, and-the insoluble residue left after 
this process dried and weighed as “free car- 
bon.” When benzene was used as the solvent 
gasworks-tar and water-gas tar yielded amounts 
of “free carbon ’”’ which gradually approached 
a maximum and then decreased. Similarly, 
if gasworks tar was subjected to continued 
digestion with toluene, there was a gradual 
increase in the “ free carbon ” content. Curious 
to relate, if coke-oven tar was treated in the 
same manner no maximum point was reached. 
With the solvent chloroform no maximum point 
was reached in the case of any tar on digestion, 
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but there was a gradual rise in the percentage CONTAIN EXTRACTION MEDIUM 


of “free carbon.” It is thought by these 
workers that fluctuations in the boiling-points 
of the mixtures during the digestion indicated | 
the probability of chemical reactions taking Fre. 128.—Apparatus ADOPTED BY CHURCH 
place, and this seems to apply chiefly to the FORTHE DETERMINATION oF ‘‘ FREE CARBON” 


; Tar. 
solvent chloroform. This phenomenon would % 


not account completely for the gradual increase in the “free carbon” obtained 
on continued digestion. It was found by the authors that carbon disulphide, 
benzene and toluene do not react chemically with bodies contained in tar, and 


1 Jour. Ind. Eng. Chem., 1917, 9, 1100-1101. J.S.C.I., February 28th, 1918, No. 
4, p. 844. 
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on this account should be used in preference to chloroform for the determination 
of “‘ free carbon.” 

A paper by R. Hodurek on the determination of “ free carbon ” in coal tar and 
pitch, published in Mitt. Inst. Kohlenvergasung, 1919, 1, 9-10, 19-21, 28-30, is 
worthy of the attention of students. An abstract of this paper will be found 
in the Journal of the Society of Chemical Industry, September 30th, 1920, 
page 622a. 

Sulphur.—lIt 1s sometimes desirable to estimate this substance in coal tar, and 
a good test 1s recommended by A. Renfred Myhill. A full description of the method 
is given in The Gas World for February Ist, 1913. Briefly, it consists of igniting in a 
special manner a weighed quantity of tar with anhydrous sodium carbonate in a 
nickel crucible. After the fusion the mass is lhxiviated with distilled water. Any 
sodium sulphite in solution is oxidised with bromine water and the total sulphate 
determined by the usual method with barium chloride and the result calculated 
to sulphur. 

The following method for the estimation of sulphur in tar is recommended by 
P. Falcoila! :—0-5 g. of the tar is accurately weighed and intimately mixed by means 
of two spatulas with about 15 g. of a mixture of four parts of potassium chlorate, 
one part of ammonium nitrate and one part of potassium nitrate. This mixture 
is introduced into a test tube, which is then supported vertically in a very tall beaker 
by means of glass beads. This beaker is then placed in a wider and much taller one. 
A fuse is brought in contact with the mixture in the test tube, and then ignited. 
Immediately after this operation the test tube and the beakers which contain it are 
covered with a heavy glass cylinder, the edges of which are notched with file marks. 
Into the larger beaker are placed 500 to.600 c.c. of water containing pure sodium 
hydroxide and a few drops of bromine water. The combustion of the mixture takes 
some little time, and the gases emitted during this process are washed by the alkaline 
liquid in the larger beaker. After the combustion is over, the apparatus is allowed to 
cool, the cylinder removed and washed, and the washings, as well as those from the 
test tube and glass beads, being added to the liquid contained in the larger beaker. 
The whole of the liquid is then acidified with hydrochloric acid, concentrated, 
filtered, and precipitated hot with barium chloride in the usual way. The barium 
sulphate is filtered off and weighed as usual, and from the weight obtained the amount 
of sulphur is calculated. 

Ash.—This may be carried out by igniting carefully 5 or 10 grams of tar in a 
large open porcelain or platinum crucible. Every precaution must be taken at the 
beginning of the operation to avoid frothing over, especially if the tar contains an 
excess of entangled liquor. Dehydrated tar may be used for the estimation if 
desired. 

Testing Tar for Yield of Products—Sometimes it is desired to determine in the 
laboratory the yield of products which may be obtained from a certain sample of coal 
tar. Laboratory tests for determining the yield of crude naphtha, light oil, creosotes, 
pitch, etc., are not very satisfactory, and will not give more than an approximate 


1 Giorn. Chim. Ind. Applic., 1920, 1, 38-45. 
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idea of what may be expected in the works. It is far better to erect in the works 
an experimental still which will deal with, say, 5 cwts. or even a ton, or, better, to 
work through a charge of, say, 15 or 20 tons of the tar. There are occasions, of course, 
when this cannot be done, and then at least two gallons of tar should be distilled 
in the laboratory. This may be carried out in a specially made copper still, cylindrical 
in shape, the diameter being a little less than the height, and provided with a vapour 
pipe, a safety-valve and a thermometer, using a high-pressure gas burner to supply 
the heat, and surrounding the still with firebricks. The vapour pipe of the still is 
connected up to an 18-inch Licbig condenser, through the jacket of which, during the 
distilling off of the crude naphtha and the first portion of the light-oil fraction,. 
cold water 1s allowed to flow. After the first portion of the light-oil fraction has come 
over the jacket is filled with hot water in order to prevent choking with naphthalene 
salts. The thermometer bulb should be in the vapours and as near the outlet of 
the vapour pipe as possible. Fractions arc collected according to the requirements 
of the works manager ; in a general way, however, the following may be taken as a 
guide :— 


Crude naphtha, up to ; : eel OGG. 
Light oil, between . . 170-240° C. 
Middle oil __,, : . 240-270° C. 
Heavy oil _,, : ; . 270-350° C. 
Pitch, above . : ; : OU ae. 


The following table by J. M. Weiss will, no doubt, prove useful to tar works 
chemists :— 











Free Carbon.| Specific Coefficient of 
Source of tar. per cent. ravity at | expansion for °F. 
60° F. 

Water gas tar : : 1-04 1-073 0 -0003750 
Water gas tar ; : 1-08 1-090 0 -0003550 
Gasworks coal tar : 16-67 e205 0-00038125 
Gasworks coal tar s 18°53 1-205 0-00038125 
Gasworks coal tar 4 27-50 1-249 0 -0003100 
Gasworks coal tar : Hees Fahy 1-296 0 -0002700 
Coke oven coal tar ; 8-97 1-185 0 -0003375 
Coke oven coal tar 5-27 1:°193 0 -0003350 
Coke oven coal tar 4-04 1-178 0 -0003300 
Coke oven coal tar : 6+72 1-195 0 -0003250 
Coke oven coal tar P 6-65 1-197 0 -0003125 
Coke oven coal tar 9-10 1-203 0-0003125 
Coke oven coal tar : 19-06 1-258 0-0003075 
Coke oven coal tar 15°02 eo t 0 -0003050 
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TARS FOR ROAD MAKING 


The Ministry of Transport have recently revised the specifications for tars No. 1 
and No. 2, and below will be found some of the particulars contained in the booklet 
which has been issued by H.M. Stationery Office? :-— 


ROADS DEPARTMENT SPECIFICATION 


For Tars No. 1 anp No. 2 
General 


1. The tar shall be prepared in stills or dehydrating plant from tar produced in 
the carbonisation of coal or produced in the use of coal in blast furnaces, except that 
the tar from which it is prepared may contain not more than 15 per cent. of the 
tar produced in the manufacture of carburetted water gas. 

2. The tar, when tested according to the methods deseribed in Appendix “ A,” 
shall conform to the requirements specified under the appropriate heading, viz., 
3 (a) for Tar No. 1 and 3 (6) for Tar No. 2. 


4, SCHEDULE OF REQUIREMENTS. 


Specification No. 


Requirements to be fulfilled on testing. 3 (a). 3 (b). 
Tar No. 1. Tar No, 2. 
Specific gravity at 15° C., not higher than . 1-225 1-240 
Water or Ammoniacal Liquor, not more than . 1-0 per cent. 
by weight. 1-0 t 
Other Distillate (Light Oils) below 170° ., not Prete 
by weight. 
more than : , : : 1-0 per cent. | 
by weight. 3) 
Distillate between 170° and 270°C. (Middle 
Oils), within the range : : 12-0—24-0 per 10-0—18-0 per 


cent. by weight. cent. by weight. 


Distillate between 270° and 300°C. (Heavy 


Oils), within the range . 4-0-12-0 per 6-0-12-0 per 
| cent. by weight. cent. by weight. 
Phenols or Crude Tar Acids, not more than 5-0 per cent. 4-0 per cent. 
by volume. by volume. 
Naphthalene, not more than 8-0 per cent. 5-0 per cent. 
by weight. by weight. 
‘““ Free Carbon,’ not more than . 22-0 per cent. 24-0 per cent. 
by weight. by weight. 
Consistency or Viscosity, within the range 3°0-20-0 20°0-100:0 
seconds. seconds. 





* “General Directions and Specifications relating to the Tar Treatment of Roads.”’ 


H.M. Stationery Office, 1923. Price Is. net. 
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3. Tar for the surface tarring of roads shall fall within the requirements specified 
under 3 (a) for Tar No.1, and tar for making tar-macadam shell fall within the require- 
ments specified under 3 (b) for Tar No. 2, but tars of which the consistency lies between 
15 and 25 seconds must not be supplied for either purpose unless specifically allowed 
by the Surveyor responsible for the work in the terms of the contract or order for the 
tar. (Tars of which the consistency lies between 15 and 25 seconds usually need 
special conditions or special experience to ensure good results from them for either 
purpose.) ; 

Surveyors may also, at their discretion, specify that the tar shall contain not less 
than 10 per cent. of “‘ free carbon,” but this limitation will exclude some tars from 
Scotch sources and from certain types of carbonising plant elsewhere, which have 
given satisfactory results in the hands of those accustomed to their use. 


Analyst's Report 


5. The results of the testing of the sample of tar shall be reported by the analyst 
on the form of which a specimen is given in Appendix “ B.” 


APPENDIX A 
Methods of Testing 


1, The methods of testing which shall be used to ascertain if a tar conforms 
to the requirements of the Roads Department Specification are stated below in so 
far as they depart from ordinary analytical practice, or need precise definition. 


Specific Gravity 
2. The specific gravity of the tar at 15° C. may be ascertained by the analyst 
by any trustworthy method, but for comparative purposes and to check the uniformity 
of deliveries sufficiently accurate results may be obtained very quickly by the use 
of Hutchinson’s nickel-silver hydrometer, or “ tar-gravity gauge,’ with temperature 
corrector. | 
Distillation Test 


3. A distillation flask, of a nominal capacity of one litre and without special 
fractionating column, shall be one-half to two-thirds filled with a weighed quantity 
of the tar, which shall then be distilled. The flask shall be fitted with a standardised 
thermometer, graduated in degrees over a range of not less than 80° to 330°C. The 
top of the bulb of the thermometer shall be level with the lower edge of the opening 
of the side tube of the flask. The products of distillation up to a temperature of 
200° C. shall be condensed by cooling with a cold-water condenser; above that 
temperature the condenser-tube shall be used without the cold-water jacket. 

4. The distillate below 170° C. shall be collected in a weighed measuring cylinder 
and weighed. The volume of water or ammoniacal liquor shall be read in the cylinder 
to the nearest half cubic-centimetre, and—taking 1 ¢.c. of the water or liquor as 
equal to 1 gram—the percentages by weight of the water or ammoniacal liquor and 
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of the other distillate (light oils) are calculated. (For Tar No. 2 it is unnecessary 
to ascertain separately the percentages of water and other distillate.) 

5. The distillate between 170° and 270° C. (middle oils) shall be collected in a 
weighed vessel and weighed, and its percentage by weight calculated. This distillate 
shall be reserved for the determination of phenols and naphthalene. 

6. The distillate between 270° and 300° C. (heavy oils) shall be collected in a 
weighed vessel and weighed, and its percentage by weight calculated. 

7. A valuable check on the result of the distillation is obtained by weighing 
the flask containing the residual pitch. The total of the weights of all the distillates 
and of the residual pitch should usually represent not less than 99 per cent. of the 
weight of tar taken for the distillation. © 


Phenol 


8. The phenols or crude tar acids shall be determined by bringing the whole 
of the distillate between 170° and 270° C. (middle oils) to a temperature of 40° to 
50° C., adding to them about 20 per cent. of solution of caustic soda having a specific 
gravity of about 1-20, and shaking vigorously every five minutes while keeping the 
mixture at 40° to 50°C. At the end of 15 minutes the mixture is poured into a tap- 
funnel, and after the solution of caustic soda has settled out, this solution is run off 
into a measuring cylinder. The extraction is repeated precisely as before with the 
same amount of fresh solution of caustic soda, which is separated and run off into 
the measuring cylinder which contains the first extract. The contents of the measur- 
ing cylinder are then made slightly acid by gradual addition of hydrochloric acid. 
The volume of the phenols or crude tar acids which are thereby liberated is read off, 
and their percentage on the volume of the tar taken fdr the distillation is calculated. 


Naphthalene 


9. To determine the naphthalene, the distillate between 170° and 270°C. 
(middle oils), after separation of the phenols, is weighed, warmed sufficiently to 
dissolve all the naphthalene in it, well agitated, and an aliquot part—not less than 
25 grams—taken. This aliquot part is cooled to 15° C. and kept at that temperature 
for half an hour. The naphthalene which has settled out is then filtered off with the 
aid of a filter pump, and pressed between folds of filter paper until all the oil has been 
removed by the paper. The naphthalene is then weighed, and its percentage by 
weight on the tar is calculated. 

“* Free Carbon” 


10. Matter in the tar which is insoluble in benzole of the commercial 90 per cent. 
grade shall be reported as “‘ free carbon,” provided that not more than 10 per cent. 
of this insoluble matter is retained on a sieve of 80 holes to the linear inch. 

11. The determination of “‘free carbon”? may ordinarily be made by either 
of the three methods described below, but in the event of the result obtained by either 
of the other methods being above the specified maximum, the determination shall 
be finally made by the first method, and the result obtained by that method shall be 
accepted as correct and conclusive. The three methods, if carried out with due 
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care, should give identical results. Hither the first or second method is usually 
preferred in works laboratories, while the third is specially suitable for laboratories in 
which it is imperative to avoid the greater fire-risk attendant on the use of a relatively 
large quantity of benzole. Whichever method is followed, the sample of tar should 
be thoroughly stirred before the portion for the determination is drawn from it. 


(i) First Method —Two grams of the tar is mixed with cold benzole, and 

after the free carbon has settled out the benzole is decanted off through a 

balanced pair of filter papers. The free carbon is washed with benzole by 

decantation several times, and is then passed on to the filter, and washed with 

500 c.c. of hot benzole. The total quantity of benzole used in the extraction 

- shall be one litre. The filter papers and contents are dried and the “free 
carbon ”’ is weighed. 


(11) Second Method.—Iwo grams of the tar is mixed in a small beaker with 
25 c.c. of benzole, and the mixture is stirred while it is being heated to boiling. 
After it has boiled it is filtered through a Gooch crucible prepared in the usual 
way, and the beaker is washed out repeatedly with hot benzole until all its 
contents have been thereby transferred to the crucible. Cold benzole is then 
run slowly from a tap funnel through the crucible until the quantity of benzole 
used in the extraction amounts in all to one litre. The “free carbon ”’ is dried 


and weighed. 


(ii) Third Method.—Between 9 and 11 grams of the tar is mixed in a small 
beaker with benzole, and the mixture is passed, by repeated washings of the 
beaker with benzole, into an extraction thimble, previously dried and counter- 
poised against a dried thimble previously extracted with benzole. The contents 
of the thimble are then completely extracted with benzole in a Soxhlet or 
similar apparatus (in which the thimble should not be quite submerged in the 
benzole), and the thimble is then dried and weighed against the dried counter- 
poise. The weight of its contents is taken as the weight of “free carbon.” 
The total quantity of benzole used need not exceed 200 c.c. 


Consistency 


12. The consistency or viscosity is ascertained by the time, stated in seconds, 
taken by Hutchinson’s Tar-Tester or Viscosity Gauge, No. 2 poise, to sink from the 
lower to the upper ring of the gauge, when it is placed in the tar while the latter is 
at a uniform temperature of 25° C. and is contained in a vessel of which the internal 
diameter is between 95 and 102 millimetres (7.e. 32 and 4 inches). 


Sampling 
13. A sample of tar for analysis should not be less than half a gallon (and if 
drawn from barrels should be from a massed sample taken from at least six barrels), 
and should be in a can or other vessel which, before filling, was both clean and dry 
inside. 
2c 
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APPENDIX “B” 


Specimen of Standard Form on which Analysis of Tar as to be gwen. 
Form No. 152 (Roads) 


Reterence NO... oe 


MINISTRY OF TRANSPORT 
(Roads Department) 


Particulars of Tar, to Roads Department Specification for work of grouting or 
coating material with tar, in connection with Application for Advances. 


Pa 


. Origin of Tar (Gas, Coke Oven, or Blast Furnace Works, or Tar PHIM ye x 
. Temperature at which Dehydrating Plant is worked....................+-5. 
. Proposed use of Tar; e.g. Grouting ; Coating ; or Surface Dressing........... 

Particulars of ene in accordance with Appendix “ A ”’ of Specification. 


Oo bo 


4. Specific Gravity at 15° Ca. oe ee le eters eet eins iehetetere 
5. Water or Ammoniacal Liquor .. “Porcentavesby-weicht 7.) een 
6. Other Distillate below 170° C. ... Percentage by weight]... 22a. vues 
7. Distillate between 170° & 270°C. .. Percentage by weight.........,....... 
8. Distillate between 270° & 300°C. .. Percentage by weight............ oe 
9. Phenols or Crude-Tar-Acids .. Percentage by. voliiiney... oe eee 
10. Naphthalene .. re fe .. Percentage by weight .6 0... ay nen 
11, ‘* Free Carbon ”’ < Percentage by weights. a.) ete ee 
12. Consistency or Viscosity THe nino) at-25° C..), 28econds pei: 3) eee eee 





PITCH TESTS 


The usual tests applied to pitch are: (a) Determination of twisting-point ; 
(b) ash, and (c) volatile matter. Occasionally it is required to estimate the specific 
gravity and the free carbon. 

Specific gravity.—This is estimated by the usual displacement method. 

According to H. J. Hailstone,! it may be determined by using a solution of 
sodium thiosulphate of a specific gravity of between 1-2 and 1-35, the method of 
determination being as follows: 10 c.c. of thiosulphate solution are placed in a 
beaker and a small pellet of the pitch is then dropped into the solution. Water is 
then added from a burette until the pellet will remain suspended in the liquid, neither 
floating nor sinking. The volume of water added is noted, and from a curve which is 
prepared beforehand the specific gravity is obtained. | 


1 Gas Jour., 1920, 151, 566, 
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Free Carbon.—The method used for estimating this substance is the same as 
that employed in the case of coal tar. Of course, it is advisable to grind the pitch 
to a powder, should the same be hard enough. 

Twisting-Point.—There are various ways in which this is carried out, and un- 
fortunately this is the cause of many disputes. Inthe author’s opinion it is far better 
to rely upon a satisfactory method of estimating the volatile matter in pitch than any 
method of determining the twist. One method of determining the twist is that of 
Kohler, which is as follows : Pieces of pitch 1°s inch in thickness are placed in water 
at 60° C., and after this has cooled to 55°C. the pitch should be easily twisted 
without breaking. Pitches which answer this test are considered suitable for the 
manufacture of briquettes. 

Another method is to take a 1-oz. sample of the pitch, soften it in warm water, 
‘and shape it between the fingers until a rod of approximately 4 inch in diameter is 
formed. This is allowed to harden again, and after an interval of about an hour, 
when immersed in water at 60° C., it should easily twist. A pitch which answers 
this test may be employed in the manufacture of briquettes. 

Another method which is used to determine the twisting-point of pitch for the 
manutacture of patent fuels is to immerse a piece of pitch 4 inches long and # inch 
in diameter in water at a temperature of 60° C. for two minutes. After the expira- 
tion of this time it should bend without breaking. 

A method which is used to determine the twisting-point of any quality of pitch 
is to take a sample of the pitch, heat it (in water) sufficiently to make it pliable to 
the fingers, and then form a rod about 2 inches long and 4 inch in diameter. This 
rod is allowed to harden, and then suspended on a piece of string so that it hangs 
inside a beaker containing cold water. A thermometer is also suspended inside the 
beaker, the bulb of which should touch the rod of pitch. The beaker is placed on a 
piece of wire gauze, and heated with a Rose flame at such a rate that the water 
increases in temperature 2° F. per minute. It is necessary that the water be stirred 
very frequently to ensure an even temperature, and the pitch occasionally lifted out 
and an attempt made to twist it. When it is possible to twist the sample two or 
three times with only a slight effort the twisting-point 1s found. 

Melting-Point.—To determine this, 8. R. Church recommends the following :-— 

A 4-inch cube of the pitch to be tested is formed in a mould, care being taken 
not to heat the pitch unduly long or at a higher temperature than necessary. <A 600 
c.c. beaker is supported on a wire gauze over a Bunsen burner, and hanging into the 
beaker are a thermometer and a copper wire (No. 12 gauge) hook. The cube of pitch 
is placed on this hook and suspended in the beaker at such a height that the bottom 
of the cube is just 1 inch above the bottom of the beaker. Water to the amount 
of 400 c.c. is placed in the beaker and the temperature brought to 15-5° C., and the 
pitch is allowed to remain five minutes in this water before heat is applied. The 
water is to be heated at such a rate that its temperature is raised 5° C. (9° F.) per 
minute. Immediately the pitch touches the bottom of the beaker the temperature 
is noted and recorded as the melting-point of the pitch. (To prevent the melted 
pitch from sticking to the beaker, place a small piece of paper on the bottom and 
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suitably weight it.) This method is employed for pitches which possess a melting- 
point between 43° and 77° C. 

For pitches with a melting-point below 438°C. immerse the cube of pitch in 
water at a temperature of 4° C. (40° F.) for five minutes before commencing the 
heating. 

If the pitch to be examined melts above 77° C. use cotton-seed oil instead of 
water, immersing for five minutes at a temperature of 15-5° C. before heat is applied. 

Volatile Matter in Pitch.—There are several methods of determining this, and 
unfortunately there is no standard one. The author made a considerable number of 
experiments, some little time ago, on the subject of the determination of volatile 
matter in pitch, and published many of the results in a paper read by him before the 
Midland Junior Gas Engineering Association.1_ The method which seemed to give 
the best results is as follows: A porcelain crucible 4 cm. in diameter and 24 cm. 
deep, containing 2 grams of ground pitch, is placed in a Leune furnace (such as is 
supplied with a Meker burner), with the lid on, the top portion of the furnace being 
removed. A No. 2 size Meker burner is used. The heating is extended over a period 
of ten minutes, and the flame kept at full blast the whole time. The furnace cover is 
put on after the first five minutes has elapsed. The crucible, without the lid, is 
then allowed to cool in a desiccator and weighed, the loss being the volatile matter. 

Ash in Pitch.—This may be determined by igniting the residue left after the 
determination of the volatile matter, or igniting a freshly weighed-up portion. 
The method of estimation is quite simple and does not need any description. 

Standard Pitch for Road Purposes in the United Kingdom? shall be specified 
as under :— 


BRITISH STANDARD SPECIFICATION FOR PITCH 
General 


1. This pitch is suitable for pitch-grouting. See “ Road Board General Direc- 
tions for Pitch-Grouting.”’ 
Consistency 


2. The pitch is obtained of the required consistency most conveniently by 
running it off from tar stills in which the distillation of the tar has been stopped at 
the point at which the residual pitch will give a penetration of 70 (or such other 
penetration as may be specified to suit climatic or local conditions) when tested at 
25° C. (77° F.) on a penetrometer. Harder pitch may be softened or cut back, in 
the still or in a mixer at the tar works to the extent necessary for it to give this 
penetration, by the addition of tar oil of the grade specified below in Clauses 7 to 10. 

Where pitch of the required consistency is not thus directly procurable, it 

1 «Investigations on Coal Tar and some of its Products.” Transactions of the 
Junior Gas Association, 1911-1912. The Gas World, March 2nd, 1912, p. 284. 

2 Reprinted by permission of the British Engineering Standards Association from 
B.S. Specifications for Tar and Pitch for Road Purposes, No. 76-1916, Official copy of 


which can be obtained from the Secretary of the Association, 28 Victoria Street, West- 
minster, S.W.1. Price ls. 2d. post free. 
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may be prepared by softening commercial soft pitch, as specified below in Clauses 
4 to 6, by the addition of tar oil as specified below in Clauses 7 to 10. In preparing 
the softened pitch in this manner the tar oil is added to the pitch in the manner 
described under “ Instructions for Melting the Pitch ”’ in the ‘‘ Road Board General 
Directions for Surfacing with Pitch-Grouted Macadam,” in such proportions that 
the resultant softened pitch will give a penetration of 70 (or such other penetration 
as may be specified to suit climatic or local conditions) when tested at 25° C. (77° F.) 
on a penetrometer, with a No. 2 needle weighted to 100 grams for five seconds. 


PREPARED PITCH FROM TAR DISTILLERIES 
General Characteristics 


3. Pitch which has been procured of the required consistency directly from a 
tar distillery needs only to be thoroughly melted in the pitch heaters or boilers, but 
as a precaution against burning, 1 to 2 per cent. of tar oil may advantageously be put 
into the boilers with the pitch. 

Pitch which has been procured of the required consistency directly from a 
tar distillery shall not yield more than 4 per cent. of distillate below 270° C., or 
518° F., on distillation as described below in Clause 5, and shall contain not less 
than 16 per cent. and not more than 28 per cent. of “ free carbon,” as defined below 
in Clause 6. 


COMMERCIAL SOFT PITCH 
Source of Patch 


4. The pitch shall be derived wholly from tar produced in the carbonisation 
of coal, except that it may contain not more than 25 per cent. of pitch derived from 
tar produced in the manufacture of carburetted water gas. 


Fractionation 


5. On distillation in a litre fractionating flask (a distillation flask without 
special fractionating column) one-half to two-thirds filled, the pitch shall yield the 
proportions by weight of distillates stated below; the temperatures of distillation 
being read on a thermometer of which the bulb is opposite the side tube of the 
flask :— 

Below 270° C. or 518° F., not more than 1 per cent. of distillate. 
Between 270° and 315°C. or 518° and 599° F., not less than 2 per cent. 
and not more than 5 per cent. of distillate. 


‘¢ Free Carbon ”’ 


6. The pitch shall contain not less than 18 per cent. and not more than 31 per 
cent. by weight of “free carbon.” The ‘free carbon” is to be determined by the 
weight of the residue after complete extraction of all matter soluble in benzole or 
disulphide of carbon. The extraction is best carried out in a Soxhlet or similar 
apparatus by disulphide of carbon followed by benzole. 
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EAR OTIS 


Source of Tar Oul 
7. Tar oil to be used is preferably a filtered green or anthracene oil, and shall 
be derived wholly from tar produced in the carbonisation of coal or from such tar 
mixed with not more than 25 per cent. of its volume of tar produced in the 
manufacture of carburetted water gas. — 


Specific Gravity 
8. The specific gravity of the tar oil at 20°C. (68° F.) shall lhe between 1-065 
and 1-085. 
Freedom from Naphthalene and Anthracene 


9. The tar oil after standing for half an hour at 20°C. (68° F.) shall remain 
clear and free from solid matter (naphthalene, anthracene, etc.). 


Fractionation 


10. The tar oil shall be commercially free from light oils and water. On distilla- 
tion in a litre fractionating flask (a distillation flask without special fractionating 
column) one-half to two-thirds filled, the tar oil shall yield the proportions by weight 
of distillates stated below; the temperatures of distillation being read on a ther- 
mometer of which the bulb is opposite the side tube of the flask :— 


Below 170° C. or 338° F., not more than 1 per cent. of distillate (light oils 
and water, if any). 

Below 270° C. or 518° F., not more than 30 per cent. of distillate (middle 
oils, and light oils and water, if any). 

Below 330° C. or 626° F., not less than 95 per cent. of distillate (heavy 
oils, middle oils, and light oils and water, if any). 


CREOSOTE OIL 


Much has been written on the testing of coal-tar creosote, but up to the present 
it seems that none of the methods published have been accepted as standard ones. 
The usual tests to which creosote is submitted are: Determination of specific 
gravity ; and the estimating of the percentage of water, phenols, and naphthalene, 
and also a distillation test in order to determine the distilling range. Occasionally 
the percentage of ‘‘ free carbon” and pyridine bases are estimated. Other tests which 
are sometimes applied are the solubility of the sample in benzole, the solubility in 
dimethyl sulphate, flash-point, and coefficient of expansion. 

Specific Gravity.—This is determined in a fairly accurate way by the use of a 
hydrometer, making a correction for temperature, or, better still, cooling a sample 
down to a prearranged temperature. It is not always possible to take the gravity 
of a creosote at 15-5°C., as sometimes at this temperature the material is solid or 
semi-solid. When the oil is liquid at 15-5° C., then it is as well that the gravity be 
taken at that temperature, but should the oil be solid, then it is necessary, of course, 
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to estimate the gravity at a higher one. Sage recommends taking the specific 
gravity of salty creosotes at a uniform temperature of 60°C. Butterfield suggests 
that the gravity of salty creosotes should be determined at the temperature at 
which the oil is fully liquid. Often specifications state at what temperature the 
gravity should be taken, but seldom do they mention the method by which the 
determination is to be made. If it is desired to obtain a more accurate test, then the 
picnometer or Regnault gravity bottle should be used. Some chemists recommend 
the employment of a Westphal balance. 

Percentage of Water.—This is determined by distilling a measured quantity of 
the creosote in a retort until no more water is given off. The quantity of oil taken is 
generally 100 c.c., and the beak of the retort into which it is placed should be long 
and preferably surrounded by a piece of wet blotiing-paper, arranged so that it is 
possible occasionally to remoisten it during the distilling operation. In any case 
care must be taken that the distillation is not conducted too rapidly, or else some 
of the water will not be condensed and will escape as steam. Oil, of course, distils 
over with the water and sometimes does not separate well in the graduated cylinder 
in which 1% is collected. ‘In order, therefore, to bring about a clean separation it is 
advisable to introduce into the cylinder about 10 c.c. of 90’s benzole or solvent 
naphtha. This will hold in solution any naphthalene which may distil over, should 
the creosote be a very salty one, and in all cases will result in a clear reading being 
obtained. It is possible, of course, to estimate the percentage of water in a creosote 
at the same time as the test 1s being made for distilling range, and reference will 
be made to this when dealing with the fractionation of a creosote. . 

Phenols.—There are several methods of estimating phenolic bodies in creosote. 
In many laboratories 1t 1s determined by taking a measured quantity, generally 
100 c.c. of the creosote, and placing it in a separating funnel, and then washing 1% 
with two or three successive quantities of caustic soda solution of about 40° Tw. 
The volumes of soda used are approximately 20 or 25 c.c. for each operation. The 
soda washings are mixed and acidified with dilute sulphuric acid (1:3) and the 
phenols which are thrown up separated and measured. Of course, should the oil 
be very salty, 1¢ is necessary to heat it to a temperature at which it will remain liquid 
and also to heat the soda a little before adding it. In cases of this kind the tem- 
perature at which the oil is measured should be noted and the tar acids separated 
should be measured at the same temperature. On the other hand, the creosote may 
be weighed and the tar acids which are separated weighed also. Should the creosote 
be liquid at normal temperature, then a rough method for determining the tar acids 
is the following: 50 c.c. of 40 Tw. caustic soda are placed in a 100 c.c. graduated 
and stoppered test mixer. On the top of this are run 50 c.c. of the creosote, both 
materials, of course, being put into the cylinder at the same temperature. The 
contents of the mixer are agitated and then allowed to stand to separate. The 
increase in volume of the soda or the decrease in volume of the creosote will give, 
when multiplied by two, the percentage of tar acids. 

Another method of estimating the phenols is to distil 100 c.c. of the creosote 
in a retort and collect all that will come over up to 315°C. The distillate is heated 
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if necessary and agitated in a separating funnel with three successive quantities 
of 25 c.c. each of caustic soda solution of a strength of 40° Tw. These soda extracts 
are carefully separated and mixed together, placed in a clean separating funnel 
and shaken out with a small quantity of ether in order to remove any entangled 
hydrocarbon bodies. This extracted soda solution is carefully separated from the 
ether and heated on the water-bath in order to drive off any ether which has re- 
mained in solution. It is then cooled and rendered just acid with dilute sulphuric 
acid, made by mixing one part of the acid with three of water. The acidification is 
conveniently conducted in a separating funnel, and after allowing a period of rest 
for separation, the greater part of the acid sodium sulphate solution may be run 
off and the remainder, together with the phenols, run into a graduated cylinder, and 
the volume of the phenols read off. These phenols will, of course, contain a certain 
amount of dissolved water. 

Church recommends distilling 100 ¢.c. of the creosote, measured at limpid 
point, ina Jena Wurtz flask. The flask is connected to an air condenser tube, which 
is kept warm by a Bunsen flame during the operation, to prevent the distillate from 
solidifying. The operation is continued until 95 per cent. of the creosote has been 
collected into a specially graduated separating funnel. The contents of the separating 
funnel are warmed to 60° C. in water and the volume read off. Fifty c.c. of a 10 | 
per cent. solution of caustic soda are now added, and the mixture shaken well and 
allowed to settle. The clear soda solution is carefully removed, the oil warmed again 
to 60° C. and the shrinkage noted. Another 30 c.c. of caustic soda solution are 
added, shaken, separated, etc., and any further shrinkage noted. This operation is 
repeated until no further shrinkage takes place, and the total shrinkage of the oil is 
taken as the percentage of tar acids present in the original sample. 

Naphthalene.—There are several methods of estimating this material in creosote, 
and it is very difficult to say which of these methods gives the most accurateresults. A 
rough method of estimating this material is the following : 25 grams of the creosote 
are weighed in a beaker to the second decimal place, and kept at a temperature of 
between 50° and 60° F. for twelve hours, then at 60° F. for two hours, with constant 
stirring. The contents of the beaker are then carefully but rapidly transferred to a 
larger filter paper supported in a funnel, which in its turn is supported in a water 
jacket, the water of which is kept at a temperature of 60° F. Draining is allowed 
to take place until the mass becomes fairly solid on the filter paper, when the filter 
paper and the contents are removed from the funnel, the top of the paper folded over 
and the lot placed between folds of blotting-paper and pressed under a copying press. 
The latter portion of this operation must be conducted very rapidly, in order to 
avoid any serious rise in temperature. After the pressing, the naphthalene is very 
carelully scraped off the filter paper into a tared dish and weighed. Sometimes the 
creosote is cooled to 32°F. (0°C.) for four, twelve, or twenty-four hours before 
separating the naphthalene as just described. 

Sage recommends that the naphthalene should be estimated in the fractions of 
creosote distilling below 270° C., and not in the entire oil, by filtering the cooled 
distillate through filter cloth and pressing between bibulous paper. Mann estimates 
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naphthalene by determining the “latent heat point ”’ in a special apparatus. The 
method is fully described in the original paper by this worker.? 

The apparatus used in Mann’s method is illustrated in Fig. 129 and the test is 
made as follows: A portion of the sample, about 50 c.c., is distilled from a small 
retort until incipient decomposition of the residue is observed, and the collected 
distillate is warmed until wholly fluid and then well mixed. The small tube A is 
removed from the apparatus and filled about two-thirds with 
the distillate. This is gradually cooled, stirring all the time with 
a thermometer calibrated in 0-2° C., until it becomes opaque, 
owing to the formation of crystals, and the temperature at which 
the opaqueness appears is noted. The water in the water-jacket 
C and the air-bath B (see Fig. 129) are then brought to a 
temperature two or three degrees lower than the opacity point 
temperature just obtained. The distillate in A is then remelted and 
again cooled carefully to opacity point, when the tube is placed into 
B. Then the thermometer in A is adjusted so that it is quite central 
and the bottom of its bulb about 2 cm. from the bottom of the tube. 
The temperature will be noticed to rise slightly and then remain 
constant for about half a minute, after which it commences to fall. 
The maximum temperature reached is taken as the “ latent heat 
point.” In the original paper a curve is shown, the ordinates of 
which give the “ latent heat point ” in degrees centigrade and the _ Fis. 129.— 

: : APPARATUS USED IN 
abscisse percentage of naphthalene. From this curve and the \any’s Meron oF 
latent heat point obtained, the percentage of naphthalene in any =STm™aTING Naru- 

; : *  THALENE IN CREO- 
sample may be found. It is advisable for each worker to plot his opp, 
own curve in the first instance, but the following figures may be 
useful to those who do not wish to carry out the experimental work necessary to 
construct a curve :— 

















Actual percentage of Naphthalene. **Latent Heat Point.” 


20 30° C, 
25 34° C. 
30 , 40°C. 
3D : 45-5° C. 
40 ; : 49-8° C. 
45 ; , ; 52° C. 


Church recommends the following method: The extracted oil from the tar acid 
estimation (see page 392, Church’s method) is placed in a copper beaker and kept at 
a temperature of 15-5° C. for fifteen minutes. The mass is then filtered on a perforated 
funnel connected to a suction pump and sucked dry, and the naphthalene in the 
filter then pressed between blotting-paper in a letterpress to remove all oil, and 
weighed. The percentage of this material is figured on the weights of original oil, as 


1 ** Notes on the Testing of Coal Tar Creosote,” J. C. Mann. J.S.C.I., June 30th, 
1910, p. 732: 
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given by the specific gravity at the limpid point. Church estimates the limpid point 
by taking 5 ¢.c. of the creosote in a test tube at 60° C. cooling, and stirring with a 
thermometer until the first crystals begin to form (limpid point). Cooling in water 
should be carried out if necessary. 

According to J. M. Weiss! naphthalene or “dry salts? may be determined in 
tar oils as follows :— 

The tar acids are first of all extracted by shaking out with sodium hydroxide 
solution, the oil allowed to drain and then cooled to 45°C. The separated solids are 
collected, dried between filter paper, and weighed. In connection with the subject 
of naphthalene, this author determines what is called the ‘“‘limpid”’ point of the 
oil by cooling it until crystals appear, and then raising the temperature until all the 
crystals disappear, the point at which this happens constituting the limpid point. 

R. Mezger? gives the following method for the estimation of naphthalene in 
tar oils. An accurate quantity of tar oil, say, 0-4 to 1 gram, is weighed into a flask 
and 5 c¢.c. of 15 per cent. phosphoric acid added. A current of purified coal gas 
is passed through the contents of this flask, and as it issues it 1s led into a potash 
bulb half-full of concentrated potassium hydroxide solution (1 part of water, 1 part 
of potassium hydrate). During the estimation, the potash bulb and the flask are 
suspended in a vessel of water, the temperature of which is kept at about 70°C, The 
rate at which the gas is passed through the apparatus is about 25 litres per hour, 
and the process is continued for 34 hours. The gas on leaving the potash bulb is 
passed through a scrubber which consists of a reservoir and a bulb tube, the latter 
sloping upwards from the former. This scrubber contains 50 c.c. of saturated picric 
acid solution. After the expiration of the 34 hours the contents of the scrubber 
are placed on a filter, the scrubber washed out with water and the washings also 
passed through the filter. The filter is then thoroughly washed with water, and the 
filtrate is titrated with N/10 sodium hydroxide solution, using as indicator sodium 
alizarinsulphonate. 

Distilling Range.—A very usual practice for obtaining the distilling range of a 
creosote in this country is to distil 100 c.c. of the oil in an 8-ounce tubulated retort, 
no condenser being connected to the same. The position of the thermometer varies 
according to individual ideas or the requirements of specifications. Some recent 
workers have adopted the use of a Wurtz distilling flask connected to an air-cooled 
condenser. In the author’s opinion the Wurtz flask method is certainly the best. 
The tarworks chemist will find that specifications require the use of either a retort or 
flask, the size of which may vary. The position of the bulb of the thermometer is 
sometimes not stated ; at others, in the case of a retort, it is required to be in the liquid 
at the commencement of the distillation, or else above the liquid, and in the case of a 
distilling flask, just above the surface of the liquid at the commencement of the dis- 
tillation, immediately opposite the outlet tube, just below the outlet tube, and just 
above the outlet tube. The rate of distillation is sometimes mentioned and at others 


1 Jour. Ind. Eng. Chem., 1918, 10, 911-916. 

2 Gas und Wasserfach, 1921, 64, 413-416. A further paper on this subject by Knub- 
lauch will be found in J. Gasbeleucht, 1918, 61, 134-137 and 145-149, which is abstracted 
in the J.S.C.I., August 31st, 1918, p. 458A. 


a 
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it 1s not. As a matter of fact there is at the present moment a great need for the 
adoption of a standard method of obtaining the distilling range of a creosote.! 

The following details will illustrate this point : A virgin heavy creosote collected 
from coal tar between the cut points of 4° Tw. and 154° Tw. was submitted to dis- 
tillation in a retort, and also in two different sizes of Wurtz flasks. The oil had a 
specific gravity of 1-057 @ 15° C. and 1-054 @ 20° C., and was free from naphthalene 
salts @ 15°C. The retort was of the usual 8 ounce size, tubulated. The beak was 
143 inches long, $ inch internal diameter at the exit, and ‘14 inches internal at the 
entry, and the bulb was 44 inches from bottom to top. Wurtz flask A was a 100 c.c. 
flask ; the over-all dimensions being 74 inches, and the bulb 23 inches in diameter. 
The outlet tube was 3 inch above the top of the bulb, and was connected to a glass 
tube of 1 inch internal diameter. The total length of the outlet-tube and glass tube 
condenser when fitted up was 144 inches. Wurtz flask B was a 200 c.c. flask, over-all 
dimensions 104 inches, distance of the outlet-tube from top of the bulb 34 inches, 
diameter of the bulb 34 inches. When the outlet-tube was connected to a 1-inch 
(internal) tube, to act as a condenser, the total length was 144 inches. In both cases 
the thermometer bulb was placed just opposite the outlet tube; andin flask A the 
bottom of the bulb was 1} inches above the liquid at the commencement of the dis- 
tillation, while in flask B it was 42 inches. The table below gives the figures obtained. 


Retort. 


Ther. in liquid 

bulb 23-inch trom 

bottom of retort. 
Retort bulb 


Ther. in liquid 
bulb 2-inch from 
bottom of retort. covered with a 


sheet of asbestos 


Ther. in liquid 
bulb 23-inch from 
bottom of retort. 

Retort bulb 
covered with tin 
hood packed with 


| 
| 


Wurtz flask A. | Wurtz flask B. 
































bent round. asbestos. 
Below 140° C, 0:85 0-25 0:25 0:8 bet 
140°—270° C, 41-00 40-00 45-00 58-0 56°0 
270°-300? C. 21-00 23-00 22-00 15-0 14-0 
Total Distillate 62-25 63-25 67-25 13°8 eles: 





Sage recommends the use of an 8-oz. retort, the upper part of the bulb of which 
is covered with a tin can packed with asbestos. With reference to the position of the 
bulb of the thermometer, this he recommends to be in the liquid at the commence- 
ment of the distillation and not more than 4 inch from the bottom of the retort. 
With reference to the points at which fractions should be collected, he gives the 
following : 


(a) Distillate up to 210° C. 

(b) ba between 210 to 235° C. 
(c) : ss 235 to 270° C. 
(d) ds a 270 to 315° C. 


(ec) Residue not distilling at 315° C. 


1 ** Investigations on Coal Tar and some of its Products,’’ A. R. Warnes and W. B. 
Southerton, Trans. of the Midland Junior Gas Association, 1911-1912. 
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With reference to these points it should be borne in mind that usually specifi- 
cations detail the points at which the fractions must be taken. 

Church favours the method given in the American Railway Engineering and 
Maintenance of Way Association Bulletin, No. 65. In this method a retort is used 
connected to an air-cooled condenser, the maximum distance from the centre of the 
bulb of the retort and the end of the condenser being 24 inches. The thermometer, 
which is a standard one, is inserted in the retort in such a fashion that the lower end 
of the bulb is 4 inch from the surface of the oil at the commencement of the distillation. 
The retort is covered with an asbestos paper cover and supported on a piece of wire 
gauze. It is heated with a Bunsen burner surrounded bya chimney. The distillates 
are collected in weighed bottles, and all the fractions determined by weight, this 
necessitating, of course, the weighing into the retort of 100 grams of the oil. When 
any measurable quantity of water is present in the oil, the distillation should be 
stopped at the point it ceases to come over ; the oil 1s then separated from the water 
and returned to the retort, when the distillation should be recommenced. 

Reports are made on the following fractions : 


0 to 170° C. 
170: ,, 200° C. 
200 ,, 210° C. 
BAK «Chin (Cl 
235 ,, 270° C. 
270 ,, 315° C. 
815 s, 335°C. 


Estimation of ‘‘ Free Carbon.” —This comes under the head of insolubility in 
benzole and is determined at the same time as a solubility in benzole test. Sage 
recommends the following method for creosote containing no water. One hundred 
grams of the creosote should be filtered whilst hot through a tared filter paper, and 
the filter paper afterwards washed with benzole in a Soxhlet extraction tube until 
the benzole runs away clear. The filter is then dried and weighed. He considers 
that in no case should more than 0-25 per cent. of insoluble matter be passed 
without comment. Should the creosote contain more than a trace of water this 
may be driven off first in the usual fashion, separated from the oil which comes 
over, the oil added to the material in the retort, and the whole lot, while warm, 
passed through a tared filter paper as just described. 

Pyridine Bases.—These may be estimated in the creosote by shaking out, say, 
100 ¢.c. in a separating funnel with dilute sulphuric acid (1:2), using three lots 
of about 25 c¢.c. each. The acid extractions are bulked, washed with a little ether, 
separated, the ether which remains in solution in the acid extract driven off on the 
water-bath, and the pyridine bases then thrown up by adding to the acid extract 
caustic soda of about 40° Tw. strength. The bases are separated and dried by treat- 
ment with 90° Tw. caustic soda and then their volume read off. Occasionally the 
bases are not extracted from the oil as received, but 100 c.c. are distilled in the retort 
up to 315° C. and the bases determined in the distillate. 
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The Dimethyl Sulphate Test.—Dimethyl sulphate will not dissolve, to any 
appreciable extent, paraffin or olefine hydrocarbons, but dissolves benzene and its 
homologues. On account of this fact, this compound has been used to determine 
approximately the amount of mineral oil or paraffinoid bodies in creosote. Dr. 
Sommer recommends the following method: Four c.c. of the distillate are put in a 
10 c.c. graduated cylinder provided with a stopper and 6 c.c. of dimethyl sulphate 
added, after which the contents are shaken thoroughly for one minute. If the dis- 
tillate is not entirely soluble, a separation will take place within a few minutes, and the 
line of separation, being clear, can be easily read. 

Flash Povnt.—As creosote flashes at a fairly high temperature, it is not possible 
to use the Abel test apparatus and obtain satisfactory results. The best apparatus to 
use for determining the flash point of creosote is that known as the Pensky-Marten. 
This apparatus consists of an oil cup with cover, to which is fitted a stirrer and 
thermometer. The bath is heated by a spirit lamp or Bunsen burner, and the 
slow and regular heating of the oil is ensured by the jacket of air which surrounds 
the cup. 

Sometimes it 1s necessary to obtain the open“flash of creosote. This is deter- 
mined by taking about 100 c.c. in a porcelain basin and heating it carefully with 
a Rose burner, stirring all the while with a thermometer. The rate of heating should 
be about one degree per minute, and at every degree a lighted taper should be 
passed near the surface of the oil. The temperature is read off immediately a flash 
is noticed. 

Coefficient of Expansion.—The method of determining this constant 1s not In any 
way difficult. Sage recommends the following : One hundred c.c. of the creosote 
should be measured into a flask marked at 100 c.c. on the neck and graduated in 
one-tenths of a c.c. up to 106c¢.c. The volume should be first adjusted to 100 c.c. 
at 40° C., and the flask then warmed in a water-bath to 80° C., and the volume at that 
temperature measured and recorded. The factor most commonly employed is an 
expansion of | per cent. for a rise of every 224° F., but this is not true for all creosotes 
or for high temperatures as well as low ones. Sage has plotted curves obtained when 
heating samples from 20° C. to 80° C., and the range falls within very narrow limits, 
his results showing that the increase in volume is | per cent. for each 13-3° C., or 
approximately 1 per cent. for every 24° F. 


BRITISH STANDARD SPECIFICATION FOR CREOSOTE 


The following tests are reprinted by permission of the British Engineering 
Standards Association from B.S. Specification No. 144, for creosote for the preser- 
vation of timber. 

This Specification covers the requirements of Creosote suitable for the treat- 
ment of Railway Sleepers and Telegraph, Telephone, and Hangar Poles. 


1 Official copies of this Specification can be obtained from the Secretary of the 
Association, 28 Victoria Street, London. Price ls. 2d. net, post free. 
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Type A 


Description 
1. The material shall consist essentially of a distillate of coal tar, and shall be 
free from any admixture of petroleum or similar oils. 


Specific Gravity 

2. (See Appendix I.) The specific gravity shall be not less than 1-015 and not 
more than 1-07 at 38°C. (100° F.) when compared with water at the same tem- 
perature. 

Fluidity 

3. The material shall become completely liquid on being slowly warmed to 
38° C. (100° F.) with stirring, and. on cooling down shall remain completely liquid 
after standing for two hours at 32° C. (90° F.). 


Water Content 
4, The amount of water in the creosote shall not exceed 3 per cent. when deter- 
mined by the method described in Appendix II. | 


Distillation | 
5. When 100 c.c. measured at 38° C. (100° F.) of the dry creosote are distilled 
from a 250 ¢.c. distillation flask (see Appendix ITI) at such a rate that the distillation 
is complete in about 20 minutes, there shall distil at 760 mm. pressure, 
Up to 205° C. (401° F.) not more than 7 c.c. 
», 230°C, (446°.F.)  _ ,, ss aOR 
oD MO O00 gta +; (ere 
the volumes of all fractions being measured at 38° C. (100° F.). 
The residue above 315° C. (599° F.) shall be soft and not sticky, and its weight 
shall be not less than 22 grams. 
Tar Acids 
6. The amount of Tar Acids when determined by the method described in 
Appendix IV shall be not less than 5 per cent. and not more than 16 per cent. by 


volume. 
Matter Insoluble in Benzole (Benzene) 


7. The amount of matter insoluble in benzole (benzene) shall not exceed 0-4 
per cent. by weight. 
ADDENDUM 
Tyre B 
Alternative for Scotch Creosote 


Scotch creosote shall conform to the above specification with the following 
exceptions :— 
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2. Specific Gravity.—The specific gravity shall be not less than 1 at 38°C. 
(100° F.). In the case of the blast-furnace oil the specific gravity may be lower, but 
shall not be less than 0-940 at 38° C. (100° F.). 

5. Distillation.—The distillate at 315°C. (599° F.) shall be not more than 
85 c.c. and the residue not less than 15 grams. 

6. Tar Acids.—There shall be no upper limit to the amount of tar acids. 


APPENDIX I 
Specific Gravity 
Care shall be taken to ensure that the creosote is completely liquefied and 
homogeneous before the sample is taken. 
In the event of the temperature at which the determination is made not being 


exactly 38° C. (100° F.) the observed specific gravity (d) at the temperature ¢° shall 
be converted to “ corrected ”’ specific gravity D by means of the formula :— 


D=d-+0-00075 (t—38) 
if ¢ be in degrees C., or 
D=d-+0-00042 (¢—100) 
if t be in degrees F. 


APPENDIX II 
Determination of Water Content 


The material shall be made completely liquid and homogeneous by warming 
to 38°C. (100° F.). One hundred c.c. of the liquid measured at 38° C. (100° F.) 
shall be mixed with 50 c.c. of xylol previously saturated with water, and the mixture 
distilled from a distillation flask, at the rate of about 3 ¢.c. per minute. Fifty c.c. 
of distillate shall be collected in a cylinder of suitable size, graduated in 1/5 c.c., 
and the volume of water determined at room temperature. 

The condenser used in this test shall be either a straight vertical condenser, or 
of such construction that it will readily drain completely. 


APPENDIX III 
Distillation 


The creosote shall be dried over calcium chloride, plaster of Paris, or other 
suitable material, and 100 c.c. of the dried creosote measured at 38° C. (100° F.) 
placed in a tared standard 250 c.c. Wurtz distillation flask, the neck of which is 
approximately 12 cm. long with outlet tube emerging approximately half-way up 
the neck. The flask shall be furnished with a standardised thermometer, the top of 
the bulb of which is just below the outlet tube. The distillation shall be carried 
out over a free flame. When a temperature of 315° C. (599° F.) has been reached, 
the distillation shall be stopped, the flask and contents allowed to cool and then 
reweighed. 
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Correction for Emergent Thread of the Thermometer 


The number of degrees C. (dt) to be added to the observed thermometer reading 
i° C. shall be calculated from the following formula :— 


dt=0-000143 (¢—t’)N, where N is the number of degree divisions of thread 
exposed above the cork and @’ the air temperature half-way up the exposed 
thread. 

When Fahrenheit thermometers are used, the formula shall be, 


dt=0-0000794 (t—t’)N. 


Correction for Barometric Pressure 


For every 25 mm. above or below 760 mm., 0-8 gram (0-6 gram in the case of 
Scotch oils) shall be subtracted from or added to the observed weight of residue in 
the flask. 

APPENDIX IV 


Determanation of the Tar Acids 


The tar acids shall be determined by complete extraction of the total distillate 
below 315° C. (599° F.) with caustic soda solution of specific gravity 1:18. The tar 
acids shall be separated from the soda solution by neutralising with sulphuric acid 
(specific gravity 1:35 at 15° C. (59° F.) 2.e., one volume of 1-84 acid mixed with two 
volumes of water) and their volume determined. 





The following tests for creosote oil for using in the preservation of ties and 
structural timber are inserted by the permission of The American Wood Preservers’ 
Association, to whom the author makes his acknowledgments. 


Creosote Oil for Ties and Structural Timber 1 


The oil shall be a distillate of coal-gas tar or coke-oven tar. It shall comply 
with the following requirements :— 


1. It shall not contain more than 3 per cent. of water. 

2. It shall not contain more than 0-5 per cent. of matter insoluble in benzole. 

3. The specific gravity of the oil at 38° compared with water at 15-5° C. shall be 
not less than 1-03. 

4. The distillate, based on water-free oil, shall be within the following limits : 


Up to 210° C. not more than 5 per cent. 
Up to 235° C. not more than 25 per cent. 


5. The specific gravity of the fraction between 235° C. and 315° C. shall be not 
less than 1-03 at 38° compared with water at 15-5° C. 

The specific gravity of the fraction between 315° and 355° C. shall be not less 
than 1-10 at 38° compared with water at 15-5° C. 


1 Report of Proceedings, 13th Annual Meeting, A.W.P.A., 1917, p. 307. 
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6. The residue above 355°, if it exceeds 5 per cent., shall have a float-test of not 
more than 50 seconds at 70° C. 

7. The oil shall yield not more than 2 per cent. coke residue. 

8. The foregoing tests shall be made in accordance with the standard methods 
of the American Wood-Preservers’ Association. 


Creosote Oil, Grade 2, for Ties and Structural Timber + 


_ The oil shall be a distillate of coal-gas tar or coke-oven tar. It shall comply 
with the following requirements :— 


1. Ié shall not contain more than 3 per cent. of water. 

2. It shall not contain more than 0-5 per cent. of matter insoluble in benzole. 

3. The specific gravity of the oil at 38° compared with water at 15-5° C. shall 
be not less than 1-03. 

4. The distillate, based on water-free oil, shall be within the following limits : 


Up to 210° C. not more than 8 per cent. 
Up to 235° C. not more than 35 per cenit. 


5. The specific gravity of the fraction between 235° and 315°C. shall be not 
less than 1-03 at 38° compared with water at 15-5° C. 

The specific gravity of the fraction between 315° and 355° C. shall be not less 
than 1-10 at 38° compared with water at 15-5° C. 

6. The residue above 355°, if it exceeds 5 per cent., shall have a float test of 
not more than 50 seconds at 70° C. 

7. The oil shall yield not more than 2 per cent. coke residue. 

8. The foregoing tests shall be made in accordance with the standard methods 
of the American Wood-Preservers’ Association. 


Creosote Oul, Grade 3, for Tres and Structural Timber ? 


The oil shall be a distillate of coal-ges tar or coke-oven tar. It shall comply 
with the following requirements :— 


1. It shall not contain more than 3 per cent. of water. 

2. It shall not contain more than 0-5 per cent. of matter insoluble in benzole. 

3. The specific gravity of the oil at 38° compared with water at 15-5° C. shall 
be not less than 1-03. 

4. The distillate, based on water-free oil, shall be within the following limits : 


Up to 210° C, not more than 10 per cent. 
Up to 235° C, not more than 40 per cent. 


5. The specific gravity of the fraction between 235° and 315° C. shall be not 
less than 1-03 at 38° compared with water at 15-5° C. 
The specific gravity of the fraction between 315° C. and 355° C. shall be not 
less than 1-10 at 38° compared with water at 15-5° C. 
1 Report of Proceedings, 14th Annual Meeting, A.W.P.A., 1918, p. 172. 
2. Ibid. 
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6. The residue above 355° C., if it exceeds 5 per cent., shall have a float test 
of not more than 50 seconds at 70° C. | 

7. The oil shall yield not more than 2 per cent. coke residue. 

8. The foregoing tests shall be made in accordance with the standard methods 
of the American Wood-Preservers’ Association. 


Distillate Oul for Non-pressure Treatments + 


The oil shall be a distillate of coal-gas tar or coke-oven tar. It shall comply 
with the following requirements :— 


1. It shall be thoroughly liquid at 15°C. 

2. It shall not contain more than 0-5 per cent. of matter insoluble in benzole. 
3. The specific gravity of the oil at 38°/15-5° C. shall be not less than 1-06. 

4, The distillate, based on water-free oil, shall be within the following limits : 


Up to 210° C. not more than 1 per cent. 
Up to 235° C. not more than 10 per cent. 


5. The specific gravity of the fraction between 235° and 315° C. shall be not 
less than 1-03 at 38°/15-5° C. 

The specific gravity of the fraction between 315° and 355° C. shall be not less 
than 1-10 at 38°/15-5° C. 

6. The residue above 355° C., if 1t exceeds 10 per cent., shall have a float test 
of not more than 50 seconds at 70° C. 

7. The oil shall yield not more than 2 per cent. coke residue. 

8. The foregoing tests shall be made in accordance with the standard methods 
of the American Wood-Preservers’ Association. 


Creosote Coal-Tar Solution for Ties and Structural Timber * 


The oil shall be a coal-tar product, of which at least 80 per cent. shall be a dis- 
tillate of coal-gas tar or coke-oven tar, and the remainder shall be refined or filtered 
coal-gas tar or coke-oven tar. It shall comply with the following requirements :— 


1. It shall not contain more than 3 per cent. of water. 

2. It shall not contain more than 2 per cent. of matter insoluble in benzole. 

3. The specific gravity of the oil at 38° compared with water at 15-5° C. shall 
be not less than 1-05 or more than 1-12. 

4. The distillate, based on water-free oil, shall be within the following limits : 


Up to 210° C. not more than 5 per cent. 
Up to 235° C. not more than 25 per cent. 


5. The specific gravity of the fraction between 235° and 315°C. shall be not 
less than 1-03 at 38° compared with water at 15-5° C. 


* Report of Proceedings, 14th Annual Meeting, A.W.P.A., 1918, p. 174. 
* Report of Proceedings, 13th Annual Meeting, A.W.P.A., 1917, p. 307. 
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The specific gravity of the fraction between 315° and 355° C. shall be not less 
than 1-10 at 38° compared with water at 15-5° C. 

6. The residue above 355° C., if it exceeds 26 per cent., shall have a float test 
of not more than 50 seconds at 70° C. 

7. The oil shall yield not more than 6 per cent. coke residue. 

8. The foregoing tests shall be made in accordance with the standard methods 
of the American Wood-Preservers’ Association. 


Coal-Tar Oul for Paving Blocks 


The oil shall be a coal-tar product, of which at least 65 per cent. shall be a 
distillate of coal-gas or coke-oven tar, and the remainder shall be refined or filtered 
coal-gas tar or coke-oven tar. 

It shall comply with the following requirements :— 


1. It shall not contain more than 3 per cent. of water. 

2. It shall not contain more than 3 per cent. of matter insoluble in benzole. 

3. The specific gravity of the oil at 38° compared with water at 15-5° C. shall 
- be not less than 1-07 or more than 1-14. 

4, The distillate, based on water-free oil, shall be within the llowine limits : 


Up to 210° C. not more than 5 per cent. 
Up to 235° C. not more than 25 per cent. 


5. The specific gravity of the fraction between 235° and 315° C. shall be not 
less than 1-03 at 38° compared with water at 15-5° C. 

The specific gravity of the fraction between 315° and 355° C. shall be not less 
than 1-10 at 38° compared with water at 15-5° C. 

6. The residue above 355° C., if it exceeds 35 per cent., shall have a float test 
of not more than 80 seconds at 70° C. 

7. The oil shall yield not more than 10 per cent. coke residue. 

8. The foregoing tests shall be made in accordance with the standard methods 
of the American Wood-Preservers’ Association. 


Distillate Oul for Paving Blocks 


The oil shall be a distillate of coal-gas tar or coke-oven tar. It shall comply 
with the following requirements :— 


1. It shall not contain more than 3 per cent. of water. 

2. It shall not contain more than 0-5 per cent. of matter insoluble in 
benzole. 

3. The specific gravity of the oil at 38° compared with water at 15-5° C. shall 
be not less than 1-06. 

4. The distillate, based on water-free oil, shall be within the following limits : 


Up to 210° C. not more than 5 per cent. 
Up to 235° C. not more than 15 per cent. 
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5. The specific gravity of the fraction between 235° and 315° C. shall be not 
less than 1-03 at 38° compared with water at 15-5° C. 

The specific gravity of the fraction between 315° and 355° C. shall be not less 
than 1-10 at 38° compared with water at 15-5° C. 

6. The residue above 355° C., if it exceeds 10 per cent., shall have a float test 
of not more than 50 seconds at 70° C. 

7. The oil shall yield not more than 2 per cent. coke residue. 

8. The foregoing tests shall be made in accordance with the standard methods 
of the American Wood-Preservers’ Association. 

The Committee recommends for adoption the following methods of testing :— 


1.—Water 


Apparatus.—Copper stills, shown in Figs. 130 and 131 below. 
Method.—When any measurable amount of water is present in the distillate 
below 210°, on testing in accordance with Section 4, Distillation, the oil and water 
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in this fraction shall be separated, if possible, and measured separately. If more 
than 2 per cent. of water is present, or if the water is apparently present to an extent 
in excess of 2 per cent. but an accurate separation is impossible, the percentage of 
water present shall be determined by the following method, and the water-free oil 
so obtained shall be used in distillation test, as described under Section 4. 

Measure 200 c.c. of oil in graduated cylinder, and pour into copper still, allowing 
the cylinder to drain into the still for several minutes. Attach lid and clamp, using 
a paper gasket slightly wet with oil around the flange of the still. Apply heat by 
means of the ring burner, which should be placed just above the level of the oil in 
the still at the beginning of the test, and gradually lowered when most of the water 
has distilled over. Continue the distillation until the vapour temperature, indicated 
by the thermometer with the bulb opposite the offtake of the connecting tube, 
reaches 205° C. Collect distillate in separatory funnel. 

When the distillation is completed, and a clear separation of water and oil in — 
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the funnel has taken place, the water is read by volume and drawn off, and whatever 
light oil has distilled over with the water is then returned to the oil in the still. 
The dehydrated oil from the still is then taken for distillation, described in Section 4, 
Distillation. 

2.—Insoluble in Benzole 


Apparatus.—(A) Extractor may be of the form shown in Fig. 132, or any 
similar form in which the oil is subjected to direct washing by the boiling vapours 
of the solvent. 

(B) Filtering medium may be either two thicknesses of 8S. and 8. No. 575 or 
Whatman No. 5 hardened filter paper, 15 c.m. in diameter, arranged in cup-shape 
by folding symmetrically ; or alundum thimbles, flat bottom, 3080 RA 98. If 
filter papers are used, prior to using they shall be soaked in benzole to remove 
grease, dried in a steam oven and kept in a desiccator until ready to be used. 
The filter-paper cup may be suspended in the extractor flask by a wire 
basket hung from two small hooks on the under surface of the metal cover of 
the flask. 

If the alundum thimble is used, it may be supported by making two perforations 
in the top of the thimble, and suspending from the cover by German silver or 
platinum wires. 

Method.—Weigh 10 grams of dry oil in 100 ¢.c. beaker. Add about 50 c.c. of 
pure benzole, and transfer at once to the filter cup. The filter cup or thimble is 
previously weighed, and the paper cup shall always be kept in a weighing bottle 
until ready for use. Wash out the beaker with benzole, passing all washings through 
the filter cup, and place the latter at once in the extraction apparatus. 

Extractor shall contain a suitable quantity of pure benzole. Sufficient heat 
to boil the solvent shall be provided by means of an electric heater or a steam 
bath. 

Continue the extraction until the descending solvent is practically colourless, 
end remove the filter cup and dry in steam oven until all solvent is driven off ; 
cool in desiccator and weigh. The balance used for this purpose should be accurate 
v0 0-5 m.g. 

3.—Specific Gravity 

Apparatus.—(A) Hydrometer shall be of the form and dimensions shown in 
Fig. 133. It shall be standardized at 15-5°C. A set of two with ranges 1-00 to 1-08 
end 1-07 to 1-15 will suffice. 

(B) Cylinder shall be of the form and dimensions shown in Fig. 134. 

Method.—The oil shall be brought to a temperature of 38° C. (100° F.), and the 
determination shall be made at that temperature unless the oil is not entirely liquid 
at 38°C. In case the oil requires to be brought to a higher temperature than 38° 
in order to render it completely fluid, it shall be tested at the lowest temperature at 
which it is completely fluid, and a correction made by adding 0-0008 to the observed 
specific gravity for each degree Centigrade above 38° C. at which the test is made. 
This correction factor does not apply with equal accuracy to all oils, but serious 
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error due to its use will be avoided if the foregoing precaution is observed, with 
respect to avoiding unnecessarily high temperature. 

1 The expression ‘ 38°/15-5° C.”” means specific gravity taken at 38° C. com- 
pared with water at 15-5°C. This cannot be determined directly. The specific 
gravity is first determined at 38° C. compared with water at 38° C., and this deter- 
mination represents the relation of the weight of a volume of oil at 38° C. to the weight 
of an equal volume of water at the same temperature. The relation to an equal 
volume of water at 15-5° C. is obtained by multiplying the former figure by -99385, 
the density of water at 38° C. compared to water at 15-5° C. 

From the foregoing it will be readily seen that it is incorrect to calculate the 
specific gravity at 38°/15-5° C. by dividing the weight of oil taken at 38° C. by the 
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weight of water taken at 15-5°C. An example is given herewith of the correct and 
incorrect methods of caleulating; where the weight of a specific gravity bottle is 
23-7531; the weight of the bottle filled with water up to the mark at 15-5° C. is 
78-3600 ; the weight of the bottle plus water at 38° C. is 78-1128; the weight of the 
bottle filled with oil at 38° C. is 80-2755. The correct calculation therefore would be 
as follows :— 


Specific gravity at 38/38° C.= 
80-2755 — 23-7531 
78-1128 23-7531 
Corrected to 38°/15:5° C.= 
-99299 (D. water 38°) 


1-0398 x 99913 (D. water 15°) 


0398 


=1-0335 


The incorrect method of calculation is as follows :— 
80:2755—23-7531 
78-3600—23-7531 _ 


1 Report of Proceedings, 14th Annual Meeting, A.W.P.A., 1918, pp. 174-175. 
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4,—Distillation 3 


Apparatus.—(A) Retort shall be a tubulated glass retort of the usual form with 
a capacity of 250 to 290 c.c. The capacity shall be measured by placing the retort 
with the bottom of the bulb and the end of the offtake in the same horizontal plane, 
and pouring water into the bulb through the tubulature until it overflows the offtake. 
The amount remaining in the bulb shall be considered its capacity (Fig. 135). 

(B) Condenser tube of any suitable form of glass tubing may be used; a con- 
venient one is shown in Fig. 136. 
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(C) Shield of asbestos as shown in Fig. 137 shall be used to protect the retort 
from air currents, and to prevent radiation. This may be covered with galvanized 
iron, as such an arrangement 1s more convenient and more permanent. 

(D) Receivers (Erlenmeyer flask) of 50 to 100 c.c. capacity are most convenient 
form. 

(E) Thermometer shall be made of resistance glass of a quality equivalent to 
suitable grades of Jena or Corning make. It shall be thoroughly annealed. It shall 
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be filled above the mercury with inert gas which will not act chemically on or con- 
taminate the mercury. The pressure of the gas shall be sufficient to prevent separa- 
tion of the mercury column ai all temperatures of the scale. There shall be a reservoir 
above the final graduation large enough so that the pressure will not become excessive 
at the highest temperature. 

The thermometer shall be finished at the top with a small glass ring or button 
suitable for attaching a tag. Hach thermometer shall have for identification the - 
maker’s name, a serial number and the letters ‘‘ A.S.T.M. Distillation.” 

The thermometer shall be graduated from 0 to 400° C. at intervals of 1° C, 


1 Report of Proceedings, 13th Annual Meeting, A.W.P.A., 1917, p. 313. 
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Every fifth graduation shall be longer than the intermediate ones, and every tenth 
eraduation beginning at zero shall be numbered. The graduation marks and numbers 
shall be clear cut and distinct. 

The thermometer shall conform to the following dimensions :— 


Total length, mm., 385 maximum. 

Diameter of stem, mm., 7, tolerance 0:5. 

Diameter of bulb, mm., 5 minimum, and shall not exceed that of the stem. 
Length of bulb, mm., 12-5, tolerance 2-5. 

Distance 0° to the bottom of bulb, 30, tolerance 5. 

Distance 0° to 400° C., 295, tolerance 10. 


The accuracy of the thermometer when delivered to the purchaser shall be such 
that when tested at full immersion the maximum error from 0° to 200° C. shall not 
exceed 0:5°; 200° to 300° C. it shall not exceed 1° C.; 300° to 375° C., it shall not 
exceed 1-5° C. 

The sensitiveness of the thermometer shall be such that when taken at a 
temperature of 26° C., and plunged into free flow of steam, the meniscus shall pass 
the 90° C. mark in not more than six seconds. 

The retort shall be supported on a tripod or rings over two sheets of 20-mesh 
gauze, 6 inches square. It shall be connected to the condenser tube by a tight cork 
jomt. The thermometer shall be inserted through a cork in the tubulature with the 
bottom of the bulb 4 in. from the surface of the oil in the retort. The exact location 
of the thermometer bulb shall be determined by placing a vertical rule graduated in 
divisions not exceeding 1/16 in. back of the retort when the latter is in position for 
the test, and sighting the level of the liquid and the point for the bottom of the 
thermometer bulb. The distance from the bulb of the thermometer to the outlet 
end of the condenser tube shall be not more than 24 nor less than 20 ins. The 
burner shall be protected from draughts by a suitable shield or chimney (Fig. 137). 

Method.—Exactly 100 grams of oil shall be weighed into the retorts, the apparatus 
assembled, and heat applied. The distillation shall be conducted at the rate of at 
least one drop and not more than two drops per second, and the distillate collected 
in weighed receivers. The condenser tube shall be warmed whenever necessary to 
prevent accumulation of solid distillates. Fractions shall be collected at the follow- 
ing points 2210 3250 20" es loaeend)s00 an 

The receivers shall be changed as the mercury passes the dividing temperature 
for each fraction. When the temperature reaches 355° the flame shall be removed 
from the retort, and any oil which has condensed in the offtake shall be drained in 
the 355° fraction. | 

The residue shall remain in the retort with the cork and the thermometer in 
position until no vapours are visible ; it shall then be weighed and carefully poured 
directly into the brass collar for float test (see Section 6), or into a tin box and covered 
and allowed to cool to air temperature. 

If the residue becomes so cool that it cannot be poured readily from the retort, 
it shall be reheated by holding the bulb of the retort in hot water or steam, and not 
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by the application of flame. The float test shall be made on this residue as described 
(Section 6). 

For weighing the receivers and fractions, a balance accurate to at least 0-05 g. 
shall be used. 

During the progress of the distillation the thermometer shall remain in its original 
position. No correction shall be made for the emergent stem of the thermometer. 

When any measurable amount of water 1s present in the distillate, 1t shall be 
separated as nearly as possible and reported separately, all results being calculated 
on a basis of dry oil. When more than 2 per cent. of water is present, water-free oil 
shall be obtained by separately distilling a larger quantity of oil, returning to the 
oil any oil carried over with the water, and using dried oil for final distillation 
(See Section 1, Water). 

5.— Specific Gravity of Fractions 

As specific gravity is an absolute physical determination, any recognised method 
which can be applied to the quantity and quality of material at hand to be tested 
must be considered satisfactory. The following methods are recommended by the 
Committee as convenient and accurate means for the relatively small amounts of 
oil available in determining gravity of fractions to be tested. 


Inquid Fractions 


Apparatus.—Westphal balance. 

Method.—lf the fraction to be tested is liquid at a temperature not exceeding 
60° C., the Westphal balance can be used with convenience and rapidity. <A special 
type of Westphal balance is obtainable, designed for testing very small quantities. 
However, the ordinary type Westphal balance can be adapted to testing small 
fractions by the use of a special plummet. This can readily be made in the laboratory 
from a piece of.ordinary glass tubing 7 mm. outside diameter, sealed at the end, 
and melting into the glass where sealed a short platinum wire. 

After cooling place 9 to 10 grams of mercury in the tube, making a column 35 
to 40 mm. high. Seal off the tube within 20 mm. of the top of the mercury column 
with blowpipe flame. The plummet should have a length of about 55 to 60 mm. over 
all, and should weigh between 10 and 12 grams. 


Solid and Semi-Solid Fractions 
Apparatus.—Special platinum or nickel pan as shown in Figs. 138 and 139. — 
Method.—For the determination of fractions that are solid . 
or semi-solid and cannot readily be liquefied at a temperature | 
not exceeding 60° C., a weighing pan constructed of platinum | 
or nickel (Figs. 138 and 139) may be used. 
A pan of convenient dimensions is 20 mm. diameter at 
the base and 25 mm. diameter at the top, and about 12 mm. 
deep. It is made of platinum and supported by three platinum 
wires 1 mm. in diameter, and hes a total weight of about 7 | 
grams. Fic. 138. 
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Solid or semi-solid fractions of oil can be rapidly and accurately tested in this 
apparatus by the usual method of weighing in air and in water. The usual precaution, 
of igniting the pan before use, avoiding the enclosure of air or water in the sample, 
should be observed. 

Nore.—The method for liquid fractions is usually applicable to the fractions 

| 9235 to 315° C. and the method for solid and semi-solid 
fractions to the fraction 315 to 355° C. 


6.—Float Test of Residue 


The residue taken as heretofore described (Section 

4) shall be tested for consistency by the float test. 
MA pet Apparatus.—The float apparatus consists of two 
parts, an aluminium float or saucer and a conical brass 
collar (Fig. 140). The two parts are made separately, so 
that one float may be used with a number of brass collars, 

Method.—In making the test, the brass collar is 
placed with the small end on the brass plate, which has 
been previously amalgamated with mercury by first 
rubbing it with a dilute solution of mercuric chloride or 
nitrate and then with mercury. , 

The residue to be tested is either poured into the 
ee ti collar direct from the retort, as described in Section 4, 
t or heated in a tin box on water or steam bath, not by 
direct application of flame, and then poured into the 
collar in any convenient way, until slightly more than level with the top. The 
surplus may be removed after the material has cooled to room temperature, by 
means of spatula or steel knife which has been slightly heated. ,The collar and 
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plate are then placed in one of the tin cups containing ice water maintained at 
5° C., and left in this bath for at least 15 minutes. 

Meanwhile the other cup is filled about three-fourths full of water and placed 
on the tripod, and the water is heated to any desired temperature at which the test 
is to be made. This temperature should be accurately maintained, and should at 
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no time throughout the entire test be allowed to vary more than one-half a degree 
Centigrade from the temperature selected. 

After the material to be tested has been kept in the ice water for at least 15 
minutes and not more than 30 minutes, the collar with its contents is removed from 
the plate and screwed into the aluminium float, which is then immediately floated 
in the warmed bath. As the plug of bituminous material becomes warm and fluid, 
it is forced upward and out of the collar, until the water gains entrance to the saucer 
and causes it to sink. 

The time in seconds between placing the apparatus on the water and when the 
water breaks through the bitumen is determined by means of a stop-watch, and is 
taken as a measure of the consistency of the material under examination. 


7.—Coke Residue 


Apparatus.—Hard glass bulbs similar to the one shown in Fig. 141 are to be used. 

Method.—Warm the bulb slightly to drive off all moisture, cool in a desiccator, 
and weigh. Again heat the bulb by placing it momentarily in an open Bunsen flame, 
and place the tubular underneath the surface of the oil to be tested, and allow the 
bulb to cool until sufficient oil is sucked in to fill the bulb about two-thirds full. 
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Any globules of oil sticking to the inside of the tubular should be drawn into the 
bulb by shaking or expelled byslightly heating it, and the outer surfaceshould be care- 
fully wiped off and the bulb reweighed. This procedure will give about 1 gram of oil. 

Cut a strip of thin asbestos paper about + in. wide and about 1 in. long, place it 
around the neck of the bulb and catch the two free ends close up to the neck with a 
pair of crucible tongs. The oil should then be distilled off as in making ordinary oil 
distillation, starting with a very low flame and conducting the distillation as fast 
as can be maintained without spurting. 

When oil ceases to come over, the heat should be increased until the highest 
temperature of the Bunsen flame is attained, the whole bulb being heated red-hot 
until evolution of gas ceases, and any carbon sticking to the outside of the tubular 
is completely burned off. The bulb should then be cooled in a desiccator and weighed 
and the percentage of coke residue calculated to water-free oil.+ 

1 Wide variations in results are obtained when the coke residue of creosote oil is 
determined by coking in a glass bulb. This is due to the tendency of the glass to fuse at 
the full temperature required for coking, Very concordant results, slightly lower than 
the average results with glass bulbs, are obtained by distilling to 355° C. in a retort and 
coking the residue in a platinum crucible. ‘‘Coke Residue Test for Creosote Oils,” C. 8. 


Reeve and F. W. Yeager. Jour, Ind. Eng. Chem., 1922, 14, 966-967, See also J.S.C.I., 
December 15th, 1922, Vol. 41, No. 23, p. 932A. 
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CALORIFIC VALUE OF FUELS 


The importance of an accurate method of determining the heating values of 
various solid and liquid fuels is now considerable, and for some years the Mahler 
bomb calorimeter has deservedly been held in high esteem by workers in calorimetry. 
By means of this apparatus coals, coal tar, creosotes and many other substances are 
readily examined, and the results arrived at are of an accuracy superior to that 
obtainable by other and perhaps more frequently employed fuel calorimeters. 
Recently, the Mahler bomb has been modified by Kroeker,! and with this improved 
apparatus it 1s possible to correct for the inclusion of the latent heat of the water 
vapour, which in the furnace of a boiler, for example, escapes, its heat being con- 
sequently lost. In Kroeker’s bomb there are entrance and exit tubes, by means of 
which a current of dry air may, after the experiment, be passed through the bomb 
and the escaping gases and water-vapour collected in the usual weighed calct1um 
chloride tubes and potash bulbs, allowing of a determination of the water and, if 
desired, of the carbon dioxide produced in the combustion. 

In the case of liquid fuels such as tar, creosotes, petroleum fractions, etc., the fuel 
is placed in a small platinum crucible supplied with the apparatus, and the method 
then carried out as for solid fuels, the ignition being made by electrical means. 
The results are accurate, and the apparatus is finding increasing employment at the 
present time. Figs 142 and 143 show the general appearance of this calorimeter and 
the bomb in section. 


GERMICIDAL VALUE OF COAL-TAR DISINFECTANTS 


It has long been recognised that chemical methods of testing disinfectants 
(cspecially those of the coal-tar class) are of limited value in appraising their value 
as germicides, and in 1903 Rideal & Walker introduced their well-known “ drop ” 
method, using a standard organism (B. typhosus), and comparing the diluted dis- 
infectant with a solution of pure phenol. In spite of much adverse criticism, this 
method remains the standard procedure for testing disinfectants against a “ naked ”’ 
organism. To perform the test accurately, many precautions have to be taken, and 
only an expert in its use can obtain trustworthy results. 

Briefly, the method consists in shaking together 5 drops (=0-5 c.c., delivered 
from a special pipette, of a 24-hour-old broth culture grown at 37° C. of B. typhosus, 
or other standard organism selected for the purpose) with 5 ¢.c. of a known dilution 
of the disinfectant in sterile distilled water and taking out from the mixture, for 
subcultivation in broth, a large drop of the liquid every 24 minutes up to 15 minutes. 
The subcultures are incubated at 37° C. for 48 hours, when they are examined for 
signs of growth, and the results carefully noted. A tabulated statement of these — 
results must show a positive result (growth) in the first column (24 minutes) and a 
‘negative result (no growth) in the last (15 minutes). A standard 1 per cent. solution 
1 The Kroeker modification of the Berthelot-Mahler calorimeter is made in England 


by Gallenkamp & Co., Ltd., 19 and 21 Sun Street, Finsbury Square, London, E.C., to 
whom the author is indebted for the loan of the illustration blocks on page 413. 
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of pure phenol is tested side by side with the disinfectant. Four dilutions of a 
disinfectant can be tested with the diluted phenol at the same time, a special tube- 
rack holding these dilutions and thirty tubes of broth (6 sets of 5) being used for 
convenience of working. The efficiency of the disinfectant is expressed in terms of 
the standard phenol solution, and when a dilution of the disinfectant has been found 
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PLATINUM CRUCIBLE. 


- which has the same germicidal value in the above test as the standard phenol solution, 
the former is divided by the latter, when the Rideal & Walker coefficient is obtained. 
Thus if a 1 in 70 solution of a disinfectant has the same action as a 1 in 80 solution 
of phenol, the tested disinfectant is not so strong as phenol, and the coefficient is 
70/80 or 0-87 (R.W. coefficient). 

A number of precautions must be taken, chief amongst which are: The 
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temperature must not vary more than 2° C. during the carrying out of the tests ; 
pipettes, tubes, and measures, etc., must be sterile; the solidifying point of the 
standard phenol used for making the test solution must not be below 40° C.—phenol 
containing cresols is inapplicable ; the broth used for cultures should be a “‘ Lemco ” 
broth of prescribed composition, standardised to a +1-5 per cent. reaction (when B. 
typhosus is the test organism). 

Further details for carrying out this important test will be found in Moor and 
Partridge’s Aids to Bacteriology, third edition, 1916, pp. 258 et seq. 

It will be seen that in the Rideal-Walker test the culture organism is exposed 
to the disinfectant in a “‘naked”’ condition; that is to say, the conditions of the test 
do not approximate to the actual circumstances of practical disinfection, where 
generally the disinfectant comes into contact with pathogenic and other organisms, 
together with much organic matter of varying nature. For this reason it has been 
suggested that extraneous organic matter should always be present in the test. It 
is, however, a matter of some difficulty to prescribe a standard uniform organic 
addition in suitable amount; and for this reason the Rideal-Walker test in its 
accepted form should always be carried out without added organic matter, this 
material being added if desired in another series of tests made separately. The 
addition of any organic matter tends to lower (sometimes appreciably) the carbolic 
acid coefficient of the disinfectant. 

The following tests will, no doubt, be found very useful to those chemists in tar- 
works laboratories, who have to deal with road tars and other preparations used in 
road making. The author has to thank Messrs. Baird and Tatlock, of London, for 
permission to publish them. 


THE FLOAT TEST 
Value of this Test 


The float test has sometimes been called a viscosity test. This test is always 
made on viscous and semi-solid refined tars, and often on the viscous and semi-solid 
petroleum and asphalt products, although when the penetration test can be employed 
on the two latter classes of material the float test 1s not always considered necessary. 
For the more fluid products the test 1s made at 32° C., and for the semi-solid materials 
at 50°C. When the material under examination is quite hard, the test may be run 
at 100° C. The float test is a most convenient one for roughly checking the uniformity 
of different shipments of bituminous material furnished under specifications. The 
test fills the gap between the viscosity test and the penetration test, while its chief 
characteristic 1s that it 1s not affected by the presence of mineral matter or “ free 
carbon.” 


The Test 


In making the test the brass collar is placed with the small end down on the 
brass plate, which has been previously amalgamated with mercury by first rubbing 
it with a dilute solution of sulphuric or nitric acid, and then with mercury. A small 
quantity of the material to be tested is heated in the metal spoon until quite fluid, 
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with care that it suffers no appreciable loss by volatilisation, and that it is kept 
free from air bubbles. It is then poured into the collar in a thin stream until slightly 
more than level with the top. The surplus may be removed, after the material has 
cooled to room temperature, by means of a spatula or steel knife which has been 
slightly heated. The collar and plate are then placed in one of the baths containing 
ice water maintained at 5° C., and left in this bath for at least 15 minutes. Mean- 
while another bath is filled about three-quarters full of water and placed on a tripod, 
and the water is heated to any desired temperature at which the test is to be made. 
This temperature should be accurately maintained, and should at no time throughout 
the test be allowed to vary more than half a degree , 
Centigrade from the temperature selected. After the 
material to be tested has been cooled in the ice water 
for about 15 minutes, the collar with its contents is 
removed from the plate, and screwed into the aluminium 
float, which is then immediately floated in the warmed 
bath. As the plug of bituminous material becomes 
warm and fluid, it is gradually forced upward and out 
of the collar, until water gains admission into the saucer 
and causes it to sink. 

The time in seconds from the moment the saucer is 
floated on the water to the moment when water breaks 
through the bitumen or tar is determined by means of 
a stop-watch, and is taken as a measure of the con- 
sistency of the material under examination. 

Fig. 144 illustrates the apparatus required to carry 
out this test. 


THE PENETRATION TEST 
Value of this Test 


This test is made on all semi-solid and solid oil 
bitumens, asphaltic cements, and native asphalts, and pie, 144.—FLoat Test APPARATUS. 
less often on the harder tar products. It is also made on 
the residues of materials subjected to the volatilisation test, when they are 
sufficiently hard. 

While the standard conditions under which this test is made call for a 100-gram 
load applied for five seconds on the material maintained at 25° C., it is sometimes 
desirable, when very soft materials are tested, to make the test with a 50-gram weight. 

In order to ascertain how susceptible a material may be to temperature changes, 
tests may be made at any other desired temperatures, preferably at 4°C., with a 
200-gram weight for one minute, and at 46° C. with a 50-gram weight for five seconds. 
In all cases the results of tests should be reported in tenths of a millimetre, and when 
the term penetration is used without any other qualification, it is understood to 
refer to the standard test at 25° C., with 100 grams for five seconds. These three 
temperatures serve as the approximate minimum, average and maximum tempera- 
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tures to which the paving is likely to be subjected. Asphalt cements produced by 
the straight distillation of petroleums and those produced by fluxing the native 
asphalts with straight distilled residual fluxes are more susceptible to temperature 
changes than those produced by the blowing process. In comparing a straight distilled 
and a blown asphalt it will be noted that where both may show the same penetration 
at 25° C., the former will show a lower one at 4° C., and a higher one at 46° C. than 
the latter. The penetration test, while practically valueless as a means of identifica- 
tion by itself, may be a valuable aid when considered in connection with the specific 
oravity of the material. 

The test is not so useful as a means of control or in the grading of tar residuums 
used in road construction, because these residuums are quite soft, and as their surface 
tension is very high they press out or deform under the loaded needle much more 
than do the asphalt cements commonly used. 

The penetration test is one of the most important for examining bituminous 
materials for determining the adaptability to specific road purposes. It is certainly 
one of the oldest and most widely used consistency tests. 

No very definite limits can be set for the proper penetration of asphalt cements 
used in road construction, as the limits vary not only with the type of material, 
but with the conditions it will have to meet under service. The engineer should draw 
up his specifications in each instance bearing in mind all possible considerations. In 
general for sheet asphalt and asphaltic concrete the penetration limits will be between 
40 and 90, it being customary to allow a five-point margin above and below the pene- 
tration selected. 

The penetration test is of great importance in the plant inspection of asphalt 
cements prepared at the paving plant by fluxing refined or native asphalts. Especially 
when large quantities of asphalt cement are maintained for a long time at elevated 
temperatures, constant inspection is required, so that if the product hardens, more 
flux may be added as required. In this connection the engineer should work out his 
own fluxing curve for a given refined asphalt and a given flux, to determine rapidly 
the percentage of flux to be added to raise the penetration to any point required. 


The Test 


The penetration test, see Fig. 145, is made as follows: A sample of the material 
to be tested is first warmed sufficiently to flow, and poured into the standard copper 
box. The box and contents, after cooling for half an hour at room temperature, 
are immersed in water maintained at the temperature at which the test is made 
(usually 25° C.) and allowed to remain immersed for one and a half hours. The sample 
in the box should now be placed in the glass cup and removed in it, covered with as 
much water as convenient without spilling, to the testing shelf on the penetrometer. 
The rod is lowered until the point of the needle almost touches the surface of the 
sample ; then it is cautiously pulled down until the needle just comes in contact with 
the surface of the sample. This can be seen best by having a light so situated that, 
upon looking through the sides of the glass cup, orthrough the water above the sample, 
the needle will be reflected from the surface of the latter. After thus setting the needle 
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the milled button in the centre of the dial is slowly turned until the foot of the rack 
rests on the head of the rod, and then the dial is brought to zero. The clamp is then 
opened wide by pressing the button and held in this position for exactly five seconds, 
as determined by the metronome or watch. The clamp is instantly released, the 
rack lowered again until it rests on the top of the rod, and the distance travelled by 
the latter, recorded on the dial as tenths of a millimeter, is the penetration or distance 
penetrated by the needle. . 

Owing to the susceptibility of certain bitumens to slight changes in temperature, 
that of the water bath should be accurately maintained, both before and during the 














Fig. 145.—B.T.L. PENETROMETER; STANDARD PATTERN, 


test, and, when the room temperature differs greatly from that of the bath, the water 
in the glass cup should be renewed after each test. An average of three to five tests, 
which should not differ more than four points between maximum and minimum, is 
taken as the penetration of the sample. The tests should be made at points on the 
surface of the sample not less than one centimetre apart, and not less than one 
centimetre from the edge of the tin. 

The needle should be removed and thoroughly cleaned by wiping with a dry 
cloth, after which it is ready for another test. The point of the needle should be 
examined from time to time with a magnifying glass to see that it is not injured. in 
any way. Ifitis found defective it must be replaced by a new needle. 

2E 


418 COAL TAR DISTILLATION 


DETERMINATION OF MELTING-POINT 
Value of this Test 


Since bitumens and tars are mixtures of various organic compounds, they can 
have no true melting-point, but an arbitrary method of determining the so-called 
melting-point of those materials sufficiently solid to maintain their form for some 
time under normal conditions is of value as a means of identification and control. 
The term “‘fusing-point ”’ is often used in this connection, as the material passes 
gradually from the solid to the liquid condition, the transition taking place slowly, 
owing to the heterogeneous character of the substances present. The term “ melting- 
point ’ is more appropriately applied to chemical substances having a definite com- 
position, which melt sharply and within a narrow temperature range. A number of 
arbitrary methods for determining the fusing- or melting-point have been tried, 
but the Ring and Ball method is one of the simplest, most convenient and most 
commonly used, and has been proposed by the American Society for Testing 
Materials. 

The melting-point determination should be made on all bituminous and tar 
cements sufficiently hard to be handled at room temperature without distortion in the 
mould. This test is not usually required for bitumens which are to be cut with a 
non-volatile flux before use. . 

The melting-point of a bituminous material is directly related to its hardness and 
brittleness, but the relations are not the same for all types of materials. A partly 
blown petroleum residuum may be so manipulated as to obtain a number of com- 
binations of penetration and melting-point. Thus, if a fluid petroleum residuum 
is blown to a given penetration, its melting-point will be much higher than if the 
residuum had been reduced to the same penetration by straight distillation. Inter- 
mediate melting-points for that penetration may, therefore, be obtained by varying 
the amount of distillation prior to or with the blowing process. High melting-point 
materials are as a rule less susceptible to the ordinary temperature changes than those 
of low melting-point. On the other hand, if the melting-point has been raised by 
blowing there will be a loss in the ductility of the material at normal or average 
temperature. 


The Test 


The material to be tested is first carefully melted in a spoon by the gentle 
application of heat until sufficiently fluid to pour. When heating care should be 
taken that no appreciable loss occurs by volatilisation. The two rings which have 
been placed on an amalgamated brass plate are then filled with the bitumen, and any 
excess 1s cut off with a hot spatula when the material has cooled to room temperature. 
The rings are placed accurately over the round holes on the lower platform of the 
testing apparatus, and the balls on the centre of the filled rings. The whole apparatus 
is now stood on the bottom of the glass beaker, filled with about 400 c.c. of water at 
a temperature of 5°C. Heat is uniformly applied at the bottom of the beaker 
sufficiently to raise the temperature at the rate of 5° C. per minute. Record the tem- 
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perature at the start of the test and every minute thereafter until the test is completed. 
The rate of heating is very important. The softening or melting-point is the tem- 
perature at which the sample with the-ball has bulged down through the ring and 
touched the bottom of the beaker, which owing to the special adjustment of the legs 
of the apparatus is one inch from the platform holding the rings. 

Successive tests should average within 3°C. For temperatures above 90° C. 
glycerine or cotton-seed oil should be used instead of water. The apparatus required 
for conducting this test is illustrated in Fig. 146. 


















































Fia. 146.—Rine anp Batt MELTING- Fic. 147.—APPARATUS FOR DISTILLATION 
Potnt APPARATUS, ‘TEST oF TARS. 


DISTILLATION TEST 
Value of this Test 


The distillation test is made upon tars and tar products, but seldom upon other 
materials, unless the presence of tar is suspected. The test as applied to tars is 
valuable both as a means of ascertaining their method of preparation and their 
suitability for a given purpose. All crude tars contain water, and the appearance of 
water in the distillate therefore indicates a crude material, especially 1f accompanied 
by an appreciable quantity of light oil. Heavy refined tars which have become 
contaminated with water show a sudden rise in distillation temperature after the 
water has beenremoved. The presence of high percentages of naphthalene is indicated 
by the proportion of the various distillates which solidify upon cooling. In this 
connection it is always well to note the character of the fractions obtained. The extent 
of distillation in the manufacture of the original material is indicated by the tempera- 
ture at which distillation commences in this test, and by the relative quality of each 
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fraction obtained. Cut-back products usually show an abnormal amount of some 
given fraction as compared to the amount that would be obtained from a straight 
distilled residue of the same consistency. After the distillation it is often of interest 
to determine the melting-point of the pitch residue, which, if obtained by distillation 
to 300° C., should seldom exceed 75°C. The test is thus useful for gauging the 
uniformity of supply, for factory control, and most of all as a criterion of quality. 
The distillation test as applied to tars becomes of value in identifying the kind of tar 
used (upon determining the specific gravity of the fractions distilled), as a means 
of distinguishing a cut-back tar from a straight-distilled tar (upon determining 
the specific gravity of the fractions, their viscosity, and the melting-point of the 
residue), and, as stated above, for determining the presence of abnormal amounts of 
naphthalene. 


The Test 


The test briefly consists in distilling 100 c.c. of refined or dehydrated tar in an 
Engler flask at a uniform rate of 1 ¢.c. per minute and collecting the various fractions 
in weighed glass graduates. In preparing for the test 1t will be found convenient 
to mark permanently on the foot of each graduate its weight to within one 
decigram. 

The flask should be supported in a vertical position on one pan of a rough 
balance, and its tare accurately obtained. From the specific gravity of the tar the 
weight of 100 c.c. is calculated ; and this amount, after warming it in a tin cup, 
if necessary to make it sufficiently fluid, is poured into the flask. It is also expedient 
to use an Engler flask on which graduation marks of its volumetric contents have been 
made, and the melted tar may be poured in carefully up to the 100 ¢.c. mark. A 
cork stopper carrying the thermometer is then inserted in the neck of the flask, so 
that the top of the bulb is opposite the middle of the tubulure, and the entire 
apparatus set up as indicated in Fig. 147. A tin shield with a small hole surrounds 
the flask and burner, as shown, in order to obviate the influence of draughts. The 
small hole serves to watch the flame. 

The tar should be heated gradually by means of a Bunsen burner, and the heat 
should be so regulated as to maintain distillation at the constant rate of 1 ¢.c. per 
minute. When the thermometer registers a temperature corresponding to 110° C., 
the graduated cylinder containing the first fraction is replaced by another. The 
receiver is changed again at 170° C. and at 270° C., using as many graduated cylinders 
as may be necessary without allowing any one to become filled above the 25 c.c. 
mark. 

When solid matter deposits upon the sides of the condenser, it may be melted 
by syphoning hot water through the condenser, and collected in the fraction to 
which it belongs. The last fraction is collected up to 300° C., after which the flask 
and graduates are cooled to room temperature, and their contents determined by 
volume and weight. The volume of pitch remaining in the retort is found by de- 
ducting the total volume from the original 100 c.c. taken or, if the distillation flask 
be graduated, a direct approximate reading may be taken. Note should be made 
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of the approximate volume of solids which precipitate from the distillate upon 
cooling to 25°C. The results obtained are calculated in percentages by volumes and 
weights to tenths of 1 per cent., and reported as follows :—_ 





See | Per cent. by Per cent.’ b 
Distillate. valine ce weight. y 


. Water or ammoniacal liquor . : — ; -— 
. First light oils to 110° C. 5 : = — 
. Second light oils, 110° C. to 170° C. — — 
. Middle oils, 170° C. to 270° C. ; oo — 
. Heavy oils, 270° C. to 300° C. ; — a+ 
. Pitch residue : : é : — — 


OO ore Whe 





Total : : : : 100 -00% 100 -00% 


——$—4 





The above is applicable only to tars which are water free. In distilling crude 
tars, or tars which are contaminated with water, it is necessary to dehydrate them 
before submitting them to the regular distillation. 


VALUE OF DIMETHYL SULPHATE TEST AFTER DISTILLATION — 
AND FURTHER FRACTIONING 
The dimethyl sulphate test is employed to detect the presence of petroleum or 
asphalt products in tar. Tar distillates are soluble in the dimethyl sulphate, while 
petroleum and asphalt distillates are not. 


Dimethyl Sulphate Test 


Method.—The residue (above 300°C.) obtained from the distillation test is 
used, This residue, after being cooled and weighed, is again distilled. Fractions are 
taken at 350° C. and 375°C. The fraction between 270° C. and 300° C., previously 
obtained in the distillation test, is now taken, and separately stirred, and, if necessary, 
heated to dissolve solids which may be present. The same thing is done with the 
350° C. and the 375° C. fractions just obtained. pine 

Four cubic centimetres of each of the three fractions are now poured separately 
into each of the three small 10-c.c. cylinders, and 6 c.c. of dimethyl sulphate are 
poured into each cylinder. The three are thoroughly shaken, and then allowed 
to rest for thirty minutes. After this period, if any petroleum or asphalt is present, 
there will appear a supernatent layer of insoluble oil in each cylinder. The amount 
of this oil can be read and calculated as to its percentage by volume of the sample 
of distillate taken. The results should be reported, as follows :— 





Per cent. of distillate 
insoluble in dimethyl 
sulphate. 


Per cent. of 


Fractions. distillate. 


270° to 300° C. . a — 














300° to 350° C. 
350° to 375° C. : a <y 
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Determination of Crude Tar Acids 

Object.—As the naphthalene and the crude tar acids (phenols) are highly volatile 
constituents of the tar, their presence in the material as supplied for road construction 
is undesirable, inasmuch as it would imply a great deal of hardening of the tar 
under service. Thus, the British Standard Specifications for No. 1 Tar for Road 
Purposes provides that the tar shall not yield more than 3 per cent. by volume of tar 
acids, while the Specification for No. 2 Tar provides for not more than 2 per cent. 
These specifications provide also the total exclusion of crystal or solid matter in the 
middle oils (between 170° C. to 270° C.), when these oils are maintained at 30° and 
25° C. for 30 minutes. 

Method.—Warm the middle oils, distilling between 170° C. and 270° C , to about 
30° C. in a measuring cylinder. Weigh a flask of 150 ¢.c. capacity ; pour 100 c.c. 
of the middle oils in it, and weigh again. The difference gives the weight of 100 c.c. 
of the middle oils. Warm the oils in the flask to 40°C. or 50°C.; add to them 
30 c.c. of solution of caustic soda, having a specific gravity of about 1-2, shake 
the mixture vigorously, and keep it at 40° or 50° C. for 15 minutes. Then shake the 
mixture again vigorously for a minute, pour it into a stoppered separating funnel, 
and allow it to rest therein until the solution of caustic soda has been separated from 
the oil. If the separation does not take place rapidly and distinctly it may be 
facilitated by adding 25 c.c. of benzole to the mixture. The soda solution free 
from oil is drawn off through the top of the funnel into a 100 c.c. measuring cylinder, 
and the oil is returned to thatask, and warmed and extracted by 20 c.c. of solution 
of caustic soda exactly as before. This soda solution is also drawn off into a 100 c.c. 
measuring cylinder, the contents of which are made slightly acid by the gradual 
addition, with gentle stirring, of hydrochloric acid. The crude tar acids separate 
and come to the top on standing, and their volume is read off on the scale of the 
measure. Since 100 c.c. of the middle oils were taken for the estimation, the reading 
gives directly the percentage of crude tar acids in the middle oils. 

If n equals the volume of tar acids found, w the weight in grams of 100 c.c. of 
the middle oils, x the percentage (by weight) of middle oils in the tar, and s the 
specific gravity of the tar, then the percentage by volume of crude tar acids in the 
tar 1s :— 

NzS 
Ww 

If 100 c.c. of middle oils is not available for the estimation, a smaller measured 
volume may be taken, and the quantities of soda solution used reduced in proportion. 
The necessary modification of the calculation of the result can be readily made. 


PYRIDINE 


The specification issued by the German Federal Council for testing rectified 
pyridine bases is as follows :— 

Water.—This must be under 10 per cent. (it is often rogiired that the water be 
not over 7 per cent.). The determination is carried out as follows : Into a special 
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burette (see Fig. 148) 23 c.c. of 80° Tw. caustic soda, which must be perfectly clear, 
are carefully run, and if necessary after standing a short time adjusted. On to the 
top of the soda 25 ¢.c. of the pyridine bases to be tested are placed, a cork inserted 
into the neck of the burette and the contents gently shaken, after which they are 
allowed to stand for a short time, to separate. The increase in the volume of caustic 
soda indicates water. 

Disiillation.—Not less than 90 per cent. should distil over up to a temperature 
of 140° C. when 100 c.c. of the bases are distilled in a Wurtz distillation flask, the 
bulb of the thermometer being opposite the outlet tube. 

Colour.—This must not be darker than a solution of 2 c.c. of N/10 iodine 
solution in one litre of distilled water. 

Solubslity.—The sample must be completely miscible in water to a clear solution. 
When 20 c.c. of the bases are mixed with 40 c.c. of water there should 
be no separation of oily drops. 

Ammonia.—This must be absent. 

The bases are required to answer the following test: 10 c.c. of 
a 1 per cent. (by volume) solution of bases must give a white 
precipitate with 5 c.c. of Nessler’s solution. 

Cadmium Chloride Test—Ten c.c. of 1 per cent. (by volume) 
solution of the pyridine bases when mixed with 5 c.c. of 5 per cent. 
aqueous solution of anhydrous cadmium chloride and shaken vigorously 
should, almost immediately, yield a distinctly crystalline precipitate. 

Titration Test—To 1 c.c. of the bases dissolved in 10 c.c. of 
distilled water, N/1 H,SO, is added from a burette until a drop of the 
mixture gives a distinct blue colour or border on congo paper. At least 
10 c.c. of acid must be required. The congo paper is prepared by 
soaking filter paper in a one per thousand solution of congo red, and 
allowing to dry at ordinary temperature. The paper should be a aReeA 
prepared just before the titration is carried out. Txstine Py- 

In the new specification for pyridine bases the distillation require- ye S08 
ments vary from those just given, thus : Up to 140° C. the bases should 
yield 50 per cent. and up to 160° C. 90 per cent. The titration test is carried out 
in the same manner, but 1 c.c. of the bases dissolved in 10 c.c. of water should 
require at least 9-5 c.c. of N/1 H,SQ,. 

Test for Ou in Crude Pyridine.—About 250 c.c. of the sample are dried with 
80° Tw. caustic soda. Of this dried pyridine bases 100 c.c. are taken and distilled 
in a Wurtz flask until 10 ¢.c. have come over. To this volume 90 c.c. of distilled 
water are added and the lot shaken. If the solution becomes turbid oil is 
indicated. In this case a further 10 c.c. are distilled over into another 
measure and 90 c.c. of distilled water added. After mixing, should the solution 
become turbid, then the batch is rejected as unsuitable and requiring further 
treatment. 
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Valuation Test of Crude Pyridine 

Water.—This is carried out in the manner described under German specification 
for rectified bases (page 422). | 

Distillation —Two hundred and fifty c.c. of the sample are dried by shaking 
with three separate quantities of 80° to 90° Tw. caustic soda, the volume in each case 
being about 100 c.c. The dried pyridine is measured, and then placed into a 
300 c.c. round-bottomed distilling flask, to which is fitted a le Bel Henninger fraction- 
ating head. This head should be provided with three bulbs, and have an overall 
length of about 20 inches, the distance between the bottom of the head and the outlet 
of the delivery tube being approximately 13 inches. The fractions are collected as 
follows: From drop to 140°C. (refined pyridine); from 140 to 160°C. (heavy 
refined pyridine) ; from 160 to 180° C. (heavy bases). The refined pyridine fraction 
is tested for (a) water; (b) oiliness; and (c) percentage of distillate at 140°C. 
Methods of carrying out these tests have already been described. 


Estimation of Pyridine in Naphthas, ete. 


Rough Method.—Into a 100 c.c. stoppered test mixer 50 c.c. of dilute sulphuric 
acid (1:2) are placed. On to this are run 50 c.c. of the oil to be tested, the stopper 
inserted, and the contents well shaken and allowed to settle. The decrease in the 
volume of the oil or the increase in that of the acid indicates the amount of pyridine 
contained in the 50 c.c. of oil. 

A more Accurate Method.—Take 500 c.c. of the naphtha, place in a separating 
funnel and wash with 20 per cent. of diluted B.O.V. (1 acid 2 water) in two lots of 
40 c.c. and one of 20 ¢.c. Carefully separate the acid extracts, bulk them, place 
in a steam distillation apparatus, make alkaline with 40° Tw. caustic soda, and 
then steam distil until about one-third of the original bulk in the distilling flask has 
been collected. Place this distillate in a separating funnel and add 90° Tw. caustic 
soda until no more oil separates, allow to rest, carefully run off the subnatant alkaline 
liquor, dry the pyridine bases with a little 90° Tw. caustic soda, separate most of the 
alkali and then run the remainder with the bases into a narrow measuring tube, 
rinse out the funnel with a little 90° Tw. caustic soda into the tube, allow to rest, 
and read off volume of pyridine bases. 

The following is a delicate test for pyridine 1: If a few drops of aniline are added 
to a solution of pyridine containing water and a trace of freshly prepared cyanogen 
bromide, a red colour is immediately obtained and crystals of a-anilidophenyldi- 
hydropyridine bromide separate. Pyridine can be thus detected at a dilution of 
1 : 350,000. 

BENZOLE: | 

Specific Gravity.—This is determined with an ordinary specific gravity hydro- 
meter after cooling the benzole to 155°C. Some chemists take the gravity at the 
temperature of the laboratory and correct it by adding -001 to the specific gravity 


1 F. Lehner, Chem.-Zeit., 1922, 46, 877. See also J.S.C.1., November 15th, 1922, 
Vol. 41, No. 21, p. 852 A, 
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reading for every 2° F. above 60° or subtracting the same figure for every 2° F. 
below 60°. This method is not to be recommended, as the factor is not accurate for 
all temperatures. The best method of estimating the specific gravity of this material 
is to use the Regnault specific gravity bottle. 

Distillation.—F or making rough works tests, such as determining the percentage 
given off from a sample obtained from the worm end of the benzole still, an 8-o0z. 
retort is used, connected to a Liebig condenser and supplied with a benzole testing 
thermometer, which is graduated from 70° to 130° C. in one-fifth of a degree. The 
length of the Liebig condenser is about 30 inches and the condenser tube about 1 
inch wide. The thermometer is fixed so that the bottom of the bulb is about 2 inch 
from the bottom of the retort. A Rose burner is used to heat the contents of the 
retort, and the distillation should proceed at the rate of about two drops per second. 
It should be added that benzole is tested before delivery for its percentage at 100° C. 
or 120° C., according to quality, in the same apparatus. 

Pyridine in Benzole.—Badly made benzoles may contain pyridine bases, and it is 
advisable to test for these if the sample is suspected. The test may be carried out as 
follows : One hundred c.c. of benzole are agitated with four parts of a 10 per cent. 
solution of sulphuric acid in a separatory funnel. After a thorough shaking, the 
contents of the funnel are allowed to rest and the acid solution run off from the bottom 
into a distilling flask and then made alkaline with caustic soda. The flask is connected 
up to a Liebig condenser and a steam-generating apparatus, and the contents sub- 
_ mitted to steam distillation until about. one-third of the volume in the distilling flask 
has come over. When the distillate is cold 90° Tw. caustic soda is added,.and the 
bases which rise to the surface, if sufficient, are carefully separated and measured. 

Total Sulphur in Benzole.—The following method, if carefully conducted, will 
give very satisfactory results. It is a modification of a test published by Irwin. 
Into a 2-0z. spirit lamp provided with the usual unplaited wick,which is kept very short 
on the burning side, are placed 2 c.c. of benzole which should be measured in from 
a burette at 60° F. On the top of the benzole are poured 20 c.c. of 90 per cent. 
alcohol B.P., and the lot carefully mixed. The spirit lamp is placed under the trumpet 
stand of the Metropolitan Gas Referees’ sulphur test apparatus, the burner portion 
projecting through the centre hole where in the ordinary course the gas burner should 
be. The Gas Referees’ apparatus is prepared in the same fashion as when determining 
the sulphur in a sample of coal gas ; that is, a little powdered ammonium carbonate 
is sprinkled over the top layer of glass marbles in the condenser and a few small 
lumps placed round the burner top. The lamp is lit immediately it is placed under 
the trumpet and allowed to burn at such a rate that it will take about 1? hours 
to consume the contents. Immediately the lamp goes out it is removed, and a further 
5 ¢.c. of alcohol placed in it, and this burnt under the apparatus until the lamp 
goes out, the time taken being about 20 minutes. The flame should be almost colour- 
less at the end of the process. The whole of the apparatus is washed down with 
distilled water in the usual fashion into a beaker, and the sulphur estimated in the 
usual way and if desired calculated to CS,. To do this is not strictly correct, as CS, 
is not the only sulphur compound present in commercial benzoles. .There are ways 
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of estimating CS, in benzole, such as the phenylhydrazine test and the copper 
xanthate method. The reader is referred to Allen’s Commercial Analysis and other 
authorities on analytical matters for these tests and also to p. 427. 

Estimation of Fatty Hydrocarbons.—This test is sometimes applied to benzole, 
especially when it is intended for the manufacture of nitro-compounds. Lunge 
gives the following process : 

‘Place 100 c.c. of benzene, or benzole, in a flask of about 500 c.c. capacity, 
provided with a dropping funnel, and a long tube for condensing any hydrocarbon 
volatilizing. Prepare also a mixture of 150 g. nitric acid of specific gravity 1-4, and 
180 or 200 g. sulphuric acid, specific gravity 1-84, which must be allowed to cool 
before use. Run this, drop by drop, through the top funnel into the benzole, shaking 
this up almost constantly. As soon as the temperature rises, cool the flask by 
immersing it in a dish full of water. When all the acid has been added, and when no 
further rise of temperature takes place spontaneously, heat the flask gently for an 
hour or two (during this time the glass reflux tube is best replaced by a proper reflux 
condenser). Allow the whole to settle, and separate the lower acid layer by means 
of a separating funnel from the crude nitrobenzene. Dilute the acid with several 
times its bulk of water ; any oily liquid separating after a few hours’ rest is added to 
the nitrobenzene. Wash the crude nitrobenzene three times with its own bulk of 
water, once with a very dilute solution of caustic soda (if a concentrated solution is 
employed, an emulsion is formed which is very awkward to manage), and again with 
water, taking care that no oil is lost in separating the washings. The well-settled 
liquor can be at once tested for its specific gravity, which, in the case of 90 per cent. 
benzole, ought to be 1:20; with 50 per cent. benzole, 1:19 at 15° C.; but this is not 
decisive, as the nitrobenzene is not quite free from water, and some benzole may 
have escaped nitrification, the liquor is therefore distilled from a fractionating 
flask till the temperature has reached 150° C., and the distillate is once more nitrated, 
but this time with large excess of the acid mixture ; anything remaining undissolved 
may be regarded as non-nitrifiable hyrocarbons. Theoretically, 100 parts of benzene 
furnish 157-6 of nitrobenzene ; 100 parts of toluene, 148-9 of nitrotoluene.”’ 


Paraffins in Commercially Pure Benzene or Toluene 


A rough method of estimating paraffins in these matcrials is to first wash out the 
carbon disulphide from the sample, then dry with a small quantity of granular 
calcium chloride, and finally determine the specific gravity at 15°C. Should the 
sample under examination be a benzene then for each 0-001 that the specific gravity 
is below 0-873, reckon 1 per cent. of paraffins, and should it be a toluene then for each 
0-001 below 0-870 allow 0-667 per cent. of paraffins. 

The carbon disulphide may be removed from the sample by shaking with a pure 
alcoholic solution of caustic potash or caustic soda, allowing to stand an hour or 
two and then removing the potassium or sodium xanthate formed by washing 
repeatedly with small quantities of water. 

A useful paper on the ‘“ Determination of aromatic hydrocarbons in mixtures 
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of hydrocarbons,” by H. T. Tizard and A. G. Marshall, appeared in the Journal of the 
Society of Chemistry for February 15th, 1921, pages 20T to 25T. 


Determination of Carbon Disulphide in Benzole 


Kraemer and Spilker use the following method: A solution of alcoholic potash 
is prepared by dissolving 22 grams of pure caustic potash in 180 grams of absolute 
alcohol. Fifty grams of this solution are mixed with 50 grams of benzole, and the 
mixture is allowed to remain atthe ordinary temperature for several hours. Then 
about 100 c.c. of distilled water are added to the mixture, the lot well shaken, and 
the aqueous liquor allowed to separate. This process is repeated several times (about 
4) and the aqueous solutions mixed. The potassium xanthate dissolved in the mixed 
washings is estimated by titration with a solution of copper sulphate containing 
12-475 grams of the crystalline salt per litre. The method of procedure is as follows : 
The whole of the xanthate solution, or an aliquot part, is first neutralised with acetic 
acid and the standard copper solution is then added slowly until a drop removed by 
a glass rod and placed on a piece of filter paper beside a drop of potassium ferro- 
cyanide solution produces a red colour at the point of contact. The approach of the 
end of the reaction is indicated by the coagulation of the cupric xanthate precipitate. 
The calculation is based upon the fact that each 1 c.c. of the copper sulphate solution 
is equivalent to 0-0076 gram of carbon disulphide. 

For another method of determining carbon disulphide the reader is referred to a 
-paper by P. E. Spielmann and F. Butler-Jones on the ‘‘ Estimation of Carbon 
Disulphide.”’! 


Thophene in Commercial Benzoles 


A. Meyer? recommends the following process: 5 c.c. of the benzole to be 
examined are mixed in a stoppered bottle, with 75 c.c. of methyl alcohol, and 20 
c.c. of reagent made as follows: mercuric oxide 50 grams, dissolved in 200 c.c. 
of sulphuric acid, and then diluted with 1,000 c.c. of water. 

The benzole reagent mixture is shaken from time to time for 30 minutes, and is 
then filtered. Ten c.c. of the filtrate are diluted with 20 c.c. of water, a few drops 
of nitric acid and 1 ¢.c. of a 20 per cent. solution of iron ammonium alum added, 
and the mixture then titrated with N/10.ammonium thiocyanate solution. On 
account of the possible presence of acetone in the methyl alcohol, it is necessary 
to make a blank test, using 5 c.c. of benzene free from thiophene. The calculation 
is as follows : 0-01 x 2,000 x (n-n,) x 0-14, where n equals the blank titration and n, 
the titration on the sample under examination. The calculation gives the amount 
of thiophene in | litre of benzole. 

Another test for Thiophene is as follows: To 2 c.c. of benzole are added 
20 c.c. of Denigés’ reagent (20 c.c. of concentrated sulphuric acid are added to 
100 c.c. of water, and 5 grams of mercuric oxide are dissolved in the acid solution) 
and the mixture shaken for six hours. If thiophene is present a white precipitate 1s 


1 J.S.C.I., 1919, 38, 185-188T. 
* Comptes rend., 1919, 169, 1402, 1404. 
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formed, and this is separated by filterimg through a tared Gooch crucible and then 
washed with hot water until quite neutral, dried carefully in an air oven at 110°-115° 
C., cooled in a desiccator and then weighed. The weight of the precipitate multiplied 
by 0-0758 will give the amount of thiophene contained in the 2 ¢.c. of benzole. 


Government Specification for Pure Benzole 


Appearance.—To be a clear water-white liquid free from suspended solid matter. 

Specific Gravity.—The specific gravity is to be not less than 0-883 and not more 
than 0-887 at 15-5° C. 

Bowling-Point.—Must correspond approximately to 80-5° C. corrected. 

Sulphuric Acid Test.—90 c.c. of the benzole shaken with 10 c.c. of 90 per cent. 
sulphuric acid for five minutes should impart only a slight colour in the acid layer. 


Distillation Test 


Apparatus.—A fractionating flask of 200 c.c. capacity fitted with thermometer 
graduated to read to one-tenth of a degree Centigrade and so adjusted that the top 
of the bulb is on a level with the side tube. The flask to be placed on a sheet of asbestos 
board having a hole 1-inch in diameter in the centre, in which the bottom of the flask 
rests, the bulb being surrounded by a cylinder of wire gauze resting on the asbestos 
sheet, and of such a height that the top of the cylinder is on a level with the top of 
the bulb. 

Distillatcon.—100 c.c. of the benzole are placed in the fractionating flask and 
heated by a small flame on the portion of the flask exposed by the hole in the asbestos 
sheet, the distillation being conducted at such a rate that the distillate passes from 
the condenser into a 100 c.c. graduated cylinder at the rate of about 7 ¢.c. per minute. 
The temperature is read when 5 c.c. and again when 95 c.c. have collected in the 
receiving cylinder. The difference between the two readings must not be greater 
than 0-5° C. 


NATIONAL BENZOLE ASSOCIATION’S SPECIFICATION FOR BENZOLE 
FOR USE AS A MOTOR SPIRIT 


1. Specific Gravity : 0-870 to 0-885. 
2. Distillation Test (by flask): Benzole shall give a distillate of not less than : 
75 per cent. at 100° C. ; 
JOSE ey ABAD NO, 
10053; me ay IES 


3. Sulphur: The total sulphur shall not exceed 0-40 per cent. 

4. Water: The benzole shall be entirely free from water. 

5. Colour : Water-white. | 

. Rectification test : 90 c.c. of the sample shaken with 10 c.c. of 90 per cent. 
sulphuric acid for 5 minutes shall not give more than a light brown colour to the 
acid layer. : 


or) 
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7. Purity: Benzole shall be entirely free from acids, alkalis and sulphuretted 
hydrogen. | 
8. Freezing : Benzole shall not freeze until below 7° F. (25 degrees of frost). 


Benzene for intermediate Manufacture—Commercially pure benzene for use in 
the manufacture of intermediates should, when distilled, all come over within one 
degree of the boiling-point of the chemically pure product. It should solidify when 
cooled below 0° C. When shaken with concentrated sulphuric acid, the acid should 
only darken slightly, and a blue colour should not develop on shaking with concen- 
trated sulphuric acid and a tiny piece of isatin. If agitated with a few drops of 
phenylhydrazine and then allowed to stand, a crystalline precipitate must not appear. 
When nitrated—see page 426—and then steam distilled only a very small quantity 
of non-nitrifiable hydrocarbons of the paraffin series should be obtained. 


VALUATION OF CRUDE NAPHTHA FOR YIELD OF BENZOLE, ETC. 


Crude naphtha and crude benzole are examined for the yield of light products 
in the chemical laboratory by the following method: Five hundred c.c. of the oil 
are placed in a distilling flask fitted with a 5-bulb Glinsky or le Bel Henninger 
distillation head. The delivery tube of this latter piece of apparatus is connected 
up to a Liebig condenser. Distillation is commenced and the amount of distillate 
which comes over below 200° C. is collected and the percentage read off. This 
distillate is then washed, first with about 60 c.c. of 60° Tw. caustic soda, using a 
separating funnel. The alkaline liquor which separates is carefully removed and the 
shrinkage in the oil carefully measured. The oil is then washed once or twice with 
water, care being taken, of course, to prevent loss of oil when separating the water, 
and then agitated with B.O.V. of about 140° Tw., two washes of 24 per cent. being 
given. The acid liquor which separates is carefully removed, and the oil then given 
one or two water washes, after which it 1s washed with 50 c.c. of 20° Tw. caustic 
soda and then with one wash of water. It is then allowed to rest to separate the last 
traces of water, and the shrinkage of oil carefully measured. The entire quantity 
of the washed oil is now placed into a distilling flask fitted with a Glinsky or le Bel 
Henninger head, as just described, and the following fractions are collected : 

} Drop to 100° C. equals 90’s benzole. 
100 ,, 120°C. ,, 50°’s—90’s benzole. 
120 ,, 160°C. ,, solvent naphtha. 
160 ,, 190°C. ,, heavy solvent. 


The bottoms are also measured. It should be added that the volumes of these 
fractions will give only an approximate idea of what is obtained in the works, but at 
the same time they form a useful guide when buying, say, crude benzole or crude 
naphtha. 

In the case of crude naphtha the percentage at 120° C. is often determined by 
using a retort and condenser as just described under benzole tests, and, of course, 
the specific gravity is always taken. It is advisable to test the crude naphtha for 
tar acids ‘and basic:bodies by the methods already given. 
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NAPHTHAS 


Distillation.—The various qualities of naphtha are tested in a similar apparatus 
to that used for benzole, whether it is required to control the working of the naphtha 
still or the quality of the products to be offered for sale. A special thermometer is 
used, graduated from 90° to 200° C. in half degrees, and this is placed in the retort 
in a similar position to that occupied by the benzole thermometer. The drop point 
and the percentage at 160°, 170° or 200° is read off according to the quality of the 


naphtha. 
Specific Gravity —This is taken by a hydrometer or in the Regnault specific 


gravity bottle. 

Flash Point.—This is determined in the Abel test apparatus, in a similar fashion 
to that used for the determination of the flash-point of petroleum. 

Pyridine Bases and Tar Acids.—It is advisable to examine solvent naphthas 
for pyridine bases and also for tar acids. The latter substances are estimated as 
already described (see page 391), and the former (unless suspected to be present in 
more than traces, when the test described under benzole is used) by the following 
method, which is known as the Weber test for pyridine: Shake out 100 c.c. of 
solvent naphtha with 100 c.c. of distilled water in a separating funnel. Take about 
15 c.c. of the water extract and add to it 1 c.c. of a 10 per cent. solution of copper 
sulphate. Bring the mixture to boiling-point. Itis required that no turbidity occurs. 
According to Weber, if the mixture remains clear the solvent naphtha is free from 
pyridine, or the amount it contains does not reach more than one part in 1,500 parts 
of solvent naphtha. A very faint turbidity after standing 30 minutes will be equivalent 
to approximately -06 per cent.,and a pronounced bluish white turbidity to 0-1 per 
cent. Ifthe quantity of pyridine exceeds 0-1 per cent. a copious precipitate results, 
and should 0-3 per cent. be present a dense precipitate is at once produced. If the 
solvent naphtha be required for rubber works, this test often has to be used, and 
also the following: 25 c.c. of R.O.V. and 75 c.c. of the solvent naphtha are 
placed in a stoppered and graduated test mixer. The mixture is well agitated and 
allowed to rest. The R.O.V. should not increase in bulk more than 4 c.c., making 
a total of 29 ¢c.c., and the colour should not be more than a deep orange. 

Another test often used for pyridine is to extract 50 c.c. of the solvent naphtha 
with 50 c.c. of B.O.V. in a separating funnel, allow to rest, separate the acid extract, 
neutralise with fairly concentrated caustic soda, say 60° Tw., and see whether 
pyridine can be detected by the sense of smell. 


VALUATION OF LIGHT OIL, ETC. 


There are several methods of testing light oil in order to obtain an idea of the 
yield of light products which may be expected in the works. One of the methods is 
the following: Five hundred c.c. of the light oil are placed in a distillation flask 
fitted to a 5-bulb Glinsky or le Bel Henninger distillation head and Liebig condenser. 
The flask is heated with a Bunsen burner, and all the distillate which comes over 
below 200° C. collected and the percentage read off. This distillate is washed first 
with about 60 c.c. of 60° Tw. caustic soda, and then once with about the same 
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volume of clean water, after which the loss, due to the alkaline wash, is carefully 
measured and the percentage noted. It is now washed with 5 per cent. of B.O.V. 
in two 24 per cent. quantities, and then three times with about 60 c.c. of water, 
alter which an alkaline wash is given, using about 50 c.c. of 20° Tw. caustic soda, 
and finally a wash with 50 c.c. of clean water. The loss in volume of oil is carefully 
measured, and the washed distillate is then placed in a distillation flask and distilled 


up a fractionating head, using one or other of the types just mentioned, and the follow- 
ing fractions collected : 


1. Drop to 100° C. equals 90’s benzole. 


ZOO eet 20 «Caen tOluoler 

3. 120° ,, 160°C. ,, solvent naphtha. 

4. 160° ,,185°C.  ,, medium heavy naphtha. 
5. 185° ,, 200°C. ,, heavy naphtha. 


The results are calculated on the original oil and tabulated as follows : 


Distillate above 200°C... : : . _ per cent, 
Loss by soda and water washing 

Loss by acid, soda and water washing 
90’s benzole 

Toluole 

Solvent naphtha 

Medium heavy naphtha 

Heavy naphtha 


Specrfic Gravity.—This is taken by one of the methods already described. — 
Tar Acids and Pyridine Bases.—The processes for estimating these substances 
have been described already. 


BRITISH STANDARD SPECIFICATION FOR BENZOL FOR 
MOTOR FUEL 


(COMMONLY KNOWN AS BENZOLE) 


The following British Standard Specification No. 135 for benzol for motor fuel 


(commonly known as benzole),1is reprinted by permission of the British Engineering 
Standards Association. 


Definition 
1. The term “ Benzole ” shall denote a liquid consisting essentially of a mixture 
of benzene and not more than 30 per cent. by volume of toluene and xylenes. 


Description 
2. The material shall be a clear ‘‘ water-white ’’ liquid free from undissolved 
water and other visible impurities (see Appendix I). 


1 Official copies of this Specification can be obtained from the Secretary of the Asso- 
ciation, 28 Victoria Street, London. Price ls. 2d. net, post free. 
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Specific Gravity 
3. The specific gravity at 15-5° C. (60° F,) shall be not less than 0-870 and not 
more than 0-885. | 
Distillation Range 
4. When 100 c.c. of the material are distilled in the Standard Distillation 
Apparatus (B.S. Specification, No.2 D. 15; see Appendix VII), at a rate of 7 c.c. 
per minute, there shall distil at 760 mm. pressure 
Not less than 60 c.c. at or below 90° C. (194° F.) 
As Pann D-C.C- 7 LOU Cat? 12 He) 
= See o.C. Comme. 3) £207-C) (248° Bo: 


The flask shall be dry at a temperature not exceeding 125°C. (257° F.). The 
temperature recorded by the thermometer shall be corrected for emergent stem and 
barometric pressure by means of the formule given in Appendix II. 


Residue 
5. The amount of non-volatile residue remaining when 20c.c. of the material 


are evaporated, and subsequently heated for two hours on a water bath at 100° C. 
(212° F.), shall not exceed 0-01 per cent. by weight. 


Coloration with Sulphuric Acid 


6. The coloration imparted to pure sulphuric acid (90 per cent. H,SO,), free 
from nitric acid,when 90 c.c. of the material are shaken with 10 c.c. of the acid for 
five minutes at ordinary temperatures shall be not more than a light brown. 


Sulphur Content 
7. The total sulphur content shall not exceed 0-4 per cent. by weight. <A con- 
venient method for the estimation of sulphur is given in Appendix III. 
Freedom from Acid and Alkali 
8. The material shall give no reaction for free acid or free alkali when tested by 
the method described in Appendix IV. 
Freedom from Sulphuretted Hydrogen 
9. The material shall give no reaction for sulphuretted hydrogen when. tested 
by the method described in Appendix V. 
Freezing-Pownt 
10. The freezing-point shall be not higher than —14° C. (7° F.) when determined 
by the method described in Appendix VI. 


APPENDIX I 
METHOD FOR TESTING COLOUR 


| One hundred c.c. of the material shall be placed in a clean, dry Nessler cylinder 
and compared with 100 c.c. of distilled water in another Nessler cylinder, both 
cylinders being placed on a sheet of white paper or on a white porcelain tile. 
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APPENDIX II 


TEMPERATURE CORRECTIONS FOR EMERGENT THERMOMETER STEM AND 
BAROMETRIC PRESSURE 


(a) Emergent Thermometer Stem.—The number of degrees Centigrade to be added 
to the thermometer reading shall be calculated as follows :— 


Let ¢ be the number of degrees Centigrade to be added. 
ty be the thermometer reading. 
t, be the air temperature in degrees Centigrade half-way up the exposed 
- thread of mercury. 
N be the number of degree Centigrade divisions on the scale exposed. 


Then: t=0-000143 (¢,—t,) N 


and the corrected reading =t,)+. 


(b) Barometric Pressure—The number of degrees Centigrade to be added to the 
thermometer reading shall be calculated as follows :— 


Using the above notation and p=the observed barometric pressure in millimetres 


Then : t=0-0001 (273+t,) x (760—p). 


APPENDIX III 
METHOD FOR THE ESTIMATION OF SULPHUR 


The following is a convenient method for the estimation of sulphur in benzole :— 
The apparatus used is shown in Fig. 149, and consists of a U-tube C loosely 
packed with cotton-wool and suspended in the beaker B, which is partly filled with 


PLATIN fase QUARTZ 


SM eh eA 








TO VACUUM 


Fic. 149.—APPARATUS FOR THE ESTIMATION OF SULPHUR IN BENZOLE. 


water. One arm of the U-tube is connected to one limb of a Y-tube D, the second 
limb of which is connected to the wash-bottle A. 

The third limb of the Y-tube leads into the tube E of clear silica, 15 inches long 
by 4 inch internal diameter, which tube is almost completely packed with small 
pieces of platinised quartz.1 The outlet tube of E is connected with wash-bottles 

1 The quartz consists of small pieces of semi-transparent, partially devitrified quartz, 


platinised by immersion in a 5 per cent. solution of platinum chloride, pouring off the 
excess of solution, drying and igniting. Platinised asbestos must not be used. 


2s 
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F and G, containing sodium hypobromite solution. A vacuum service is connected 
with G so that a current of air may be drawn through the apparatus. 

To perform the analysis the silica tube is heated to redness for a length of about 
four inches. 

The taps of C are opened and the vacuum adjusted to give a steady stream of 
air through the apparatus. The tap on C nearer the silica tube is then closed, and 
that further from the tube removed, and 2 ¢.c. of the benzole under examination 
rapidly run into C from a standardised pipette. The tap is then quickly replaced in 
the open position, and the tap nearer the silica tube opened slightly. As soon as 
benzole vapour begins to be drawn through by the vacuum the platinised quartz 
begins to glow brightly. The air passing through A is adjusted until the reaction 
is steady. The combustion is allowed to go on until the glow on the platinised quartz 
cies down with the taps on C full open. The water in the beaker is then heated to 
boiling, and the combustion proceeded with until all the benzole has been oxidised. 
In a well-conducted experiment the total time taken for this operation should be 
not less than twenty and not more than forty-five minutes. 

The contents of F and G are then washed into a beaker, acidified with HCl, 
heated to boiling until all bromine is expelled, and slight excess of barium chloride 
added. The contents are allowed to stand over night, filtered and the BaSO, ignited 
and weighed. 

Then : | 
Percentage of sulphur in the sample= 


(weight of BaSQ,) x (0:1377) 
(specific gravity of sample) x (2) 
The sodium hypobromite is prepared by shaking 8 c.c. of bromine? with 1 litre 
of 10 per cent. caustic soda solution, 100 c.c. of solution being used for each analysis. 


As no commercial caustic soda or bromine is free from sulphur compounds, a “ blank ”’ 
must be performed for each preparation of solution. 


APPENDIX IV : 
MetTHOoD oF TESTING FOR FREE AcID oR FREE ALKALI 


Fifty c.c. of the material shall be shaken in a clean stoppered vessel with a little 
water and a drop of methyl orange solution as indicator. The colour of the aqueous 
layer shall be neither a distinct red nor a distinct yellow. 


APPENDIX V | 
MetTHop oF TESTING FOR SULPHURETTED HYDROGEN 


Fifty c.c.of the material shall be shaken in a clean stoppered vessel with a small 
quantity of a solution of lead acetate. The lead acetate solution shall not become 
coloured. 


1 The bromine used must be as pure as possible. Some of the bromine obtainable 
on the market is heavily contaminated with sulphur compounds. 
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APPENDIX VI 
METHOD OF DETERMINING THE FREEZING-POINT 


About 15 c.c. of the material shall be placed in a clean, dry, wide test tube con- 
taining a thermometer. The test tube shall then be immersed in a suitable freezing 
mixture and its contents frozen practically solid. The test tube shall then be removed 
from the freezing mixture, wiped clean and dry, and the temperature noted at which 
the crystals nearly disappear,the contents of the tube being well stirred with the ther- 
mometer while the crystals are melting. 


APPEND ES Vit 
STANDARD DISTILLATION APPARATUS 


1. Description.—The apparatus is shown in Figs. 150 and 151. It consists of the 
following parts :— 


(a) A distillation flask A of the dimensions shown in Fig. 150, fitted with a 
thermometer B with its bulb just below the exit tube 
of the flask, the thermometer B being graduated in 
single degrees and being preferably of such a length 
that the column of mercury in the stem is completely 
surrounded by the vapour of the boiling liquid. 

(b) A cylindrical metal wind screen D divided by 
a diaphragm C of soft asbestos millboard 6 mm. thick 
having a circular hole 5 cm. diameter in the centre, 
the support for the asbestos diaphragm being such 
that the diameter of the hole therein is greater than 
that in the asbestos diaphragm. The lower portion of | 
the screen is provided with draught holes and mica | 
windows for observing the flame; the upper portion ~~ 
has a slit to admit the side tube of the flask, and 
another for viewing the thermometer; the top is not 


B 





to be closed by a lid. ae aaa 
(c) A burner E with an adjustable gas tap. Fic. aa a agen DistiL- 
(d) A glass condenser F of the dimensions shown jules sien m 
in Fig. 151. Instead of the outlet of the condenser centimeters). 


being bent, an adaptor may be used. 

(e) Receiver G, consisting of a measuring flask or a graduated measuring 
cylinder. 

(f) A pendulum H is a convenient adjunct for measuring the rate of 
distillation. 


. Method of Using Apparatus.— 


(a) 100 c.c. of the liquid to be tested shall be put into the flask and a few 
small pieces of clean porous pot added. 
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(6) The cork and thermometer shall be introduced and the flask pressed on 
to the asbestos diaphragm. | 

(c) The burner shall be lighted and the flame so regulated that the specified 
rate of distillation is obtained, the distance between the burner and the bottom 
of the flask being so adjusted that only a minimum flame is necessary. 

(d) The temperature shall be noted when the first drop falls into the 
receiver, and after definite amounts have distilled, in accordance with the 
requirements of the specifications. 


SLIT FOR VIEWING 
THERMOMETER 
: 1 








Fic. 151.—STANDARD DISTILLATION APPARATUS. 


(Dimensions are given in centimeters.) 


TOLUENE 


According to John Scott Lumsden,! commercial toluene contains varying 
amounts of a liquid which cannot be nitrated and has to be distilled off with the 
toluene during rectification. This liquid has not been isolated and it is assumed that 
it 1s a paraffin mixture which boils close to the boiling-point of toluene. This author 
carried out work upon commercial toluene for the purpose of finding some easily 
applied method for estimating the degree of purity and came to these conclusions (1) 
that the specific gravity of commercial toluene gives a fair indication of the amount 
of impurity present; and (2) the estimation of the temperature of miscibility 
with acetic acid is quickly done, and, although a comparative method, if skilfully 
carried out, is trustworthy. <A nitration and estimation of the excess of nitric acid 
by the nitrometer is believed to be the most accurate test and indicates the total 
nitration which has taken place, and the weighing of the solid after nitration gives 
the actual practical yield of nitro-compound. By none of the methods under ordinary 
conditions of working can an accuracy closer than 4 per cent. be expected. 

A given sample of commercial toluene will have a gravity of approximately 
0-872 at 15° C., and Lumsden finds that the presence of 1 per cent. of paraffin pro- 


1 “* Criteria of the Degree of Purity of Commercial Toluene.”’ J.C.S., 686, December, 
1919, pp. 13866-1372. 
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duces a lowering of the density of 0-0013. This figure, of course, can only be 
approximately correct; if the toluene examined contains a type of paraffin 
boiling at between 108 and 112°C., other impurities may destroy the accuracy 
completely. 


Government Specification for Pure Toluole 


Specific Gravity.—The specific gravity is to be not less than 0-868 and not more 
than 0-870 at 15-5° C. | 

Bowling-Point.—Must correspond approximately to 110° C. corrected. 

Appearance, Sulphuric Acid Test, and Distillation Test correspond to those 
given for Pure Benzole (see page 428). 


Toluene for intermediates—On shaking commercial toluene for use in the 
manufacture of intermediates, with concentrated sulphuric acid it should not become 
more than slightly darkened ; upon distillation the whole should come over within 
one degree, between 111°-112° C. | 

Xylene for intermediate manufacture—Commercial xylene (which is a mixture of 
o-, m-, and p- xylenes) for use in the manufacture of intermediates must be practically 
free from paraffin hydrocarbons and it should possess a very short distilling range, 
for instance, between 136°-140° C. 

The author is indebted to Dr. H. Colman and Mr. E. W. Yeoman, and also the 
Publications Committee of the Society of Chemical Industry for their kindness in 
allowing the following paper to be published in full. 


DETERMINATION OF BENZENE, TOLUENE, ETC., IN COAL TAR AND 
SIMILAR PRODUCTS, AND IN THE INTERMEDIATE PRODUCTS 
OF TAR DISTILLATION. 


By H. G. Cotman, p.sc., anD HE. W. YEOMAN, B.SC. 


During the past few years the authors have carried out a large number of tests 
of these products by methods of which sectional accounts have been published in 
some cases from time to time. Owing to the necessities of the time, it was found 
advisable to publish these sectional accounts without waiting for their extended 
investigation, and as further experience has resulted in various modifications and 
additions to these methods, a general account of them, and of the principles on which 
they depend, is given in the present paper. 

The general aim of the investigation has been the elucidation of methods which 
would give results of reasonable accuracy with products of widely varying com~ 
position. Where the products to be analysed only vary in composition within 
moderate limits, simpler and shortened methods can be employed giving results of 
sufficient accuracy for many purposes, but where such methods are used on products 
differing widely in composition, they are apt to give results which with abnormal 
samples are far from accurate. 
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General Scheme of Analysis Adopted 


By distillation of the various tars, and subsequent fractionation of the lower- 
boiling distillates after treating them with concentrated sulphuric acid and caustic 
soda to remove unsaturated hydrocarbons and phenols, the lighter tar constituents 
are separated into the following fractions: (1) Fraction up to 90° C., (2) 90°- 
140° C., (3) 140°-160° C., (4) 160°—200° C. | 

The first fraction “‘up to 90°,” when the fractionation is carried out under 
specified conditions, contains the aromatic hydrocarbons benzene and toluene only, 
but may also contain carbon bisulphide and saturated paraffin hydrocarbons or 
naphthenes of similar boiling-poit when these are present in the original tar or 
oil analysed. 

The second fraction “‘ 90°-140°”’ contains only the aromatic hydrocarbons 
benzene, toluene, and the xylenes, together with paraffins or naphthenes of similar 
boiling-point if present in the tar. 

The third fraction ‘“‘ 140°-160°”’ contains chiefly the constituents of the 
“solvent coal-tar naphtha’ of commerce, namely, xylenes, cumenes, and other 
benzene homologues boiling for the most part between 140° and 170°, and also any 
paraffins or naphthenes of similar boiling-point present in the original tar. 

The fourth fraction ‘‘160°-200°” represents approximately the “heavy 
solvent naphtha ” of commerce, and consists mainly of benzene homologues boiling 
at about those temperatures, with paraffins or naphthenes present in the tar. 

Owing to the large number of the individual hydrocarbons present in each of 
the last two fractions, and to the small differences between the boiling-points of the 
various constituents, no determination of the relative amounts of each has been 
found practicable by distillation methods. 

In the first two fractions, on the other hand, it 1s possible by ane distillation 
methods to ascertain with a considerable degree of accuracy the quantities of benzene, 
toluene, and the sum of the isomeric xylenes present, and to ascertain from specific 
gravity determinations the amounts of carbon bisulphide and paraffin or naphthene 
hydrocarbons present. The same methods can be employed for the analysis of 
commercial benzole and commercial toluole, which are in general similar in com- 
position to the fractions ‘‘ up to 90° ” and “‘ 90°-140° ” respectively. 


Preliminary Distillation of the Tar or other Crude Oil 


A known volume of the tar or oil is distilled from a metal still. (It is frequently 
more convenient to take a known weight of the tar or oil, and calculate the volume 
from the weight taken and the specific gravity of the sample.) The tar is then carefully 
distilled until the thermometer in the vapour shows a temperature of 230° C., to 
ensure that all the low-boiling constituents of the tar or oil are driven over into the 
distillate. In many cases, such, for example, as the benzolised oil resulting from the 
washing of coal gas with oil for benzole recovery, it is often more convenient to blow 
steam through the oil in the still when the thermometer indicates a temperature of 
130°-140° C. and to continue passing the steam until about 100 c.c. of water has 
condensed in the receiver for each litre of tar or oil taken. 
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The distillate, after separation of water, is then redistilled from a round- 
bottomed glass or metal flask fitted with a Young 12-bulb pear fractionating column, 
or other efficient column of a form which drains almost completely, the rate of 
distillation being maintained as nearly as practicable at about 4 c.c. per minute. 

The distillation is continued until the thermometer at the head of the column 
shows a temperature of 200° C.; the volume of this distillate, less any water present, 
is then read off and its percentage of the original volume of tar calculated. 

The quantity of tar or oil originally taken should be such that the amount of dis- 
tillate to 200° thus obtained is at least 250 c.c. For greater accuracy a larger quantity 
is advantageous, but the time required for the test is considerably increased thereby. 

In the case of a product which only contains up to 25 per cent. of constituents 
boiling above 200° C., such as the “crude benzole”’ recovered from coal gas by 
washing, 250-500 c.c. of this material is directly fractionated using a Young 12-bulb 
pear column, and the distillate to 200° collected, the preliminary distillation to 230° 
being omitted in such cases. 


Purification of the Distillate to 200° C. 


In order to purify the distillate, not less than 200 c.c., and preferably at 
least 250 c.c., 1s shaken with one-quarter of its volume of 10 per cent. aqueous 
caustic soda, allowed to settle, the caustic layer run off, and the oil washed with water, 
which is also run off, and the volume of residual oil measured. The loss of volume 
represents approximately the volume of tar acids in the volume of oil taken. 

After alkali-washing, the remaining oil is shaken for 5 minutes with 8 per cent. 
of its volume of concentrated sulphuric acid and allowed to settle for 15 minutes.? 


1 The usual method of specifying the rate of distillation in ‘‘ drops per second ’’ is 
unsatisfactory, as the size of the drop may vary at least threefold, according to the dia- 
meter, slope, and exact shape of the end of the condenser tubes. As the specification of 
*‘ drops per second ”’ is, however, most convenient for timing, the number of drops per 
second equivalent to any given number of c.c. per minute may be readily ascertained with 
the condenser used. With a vertical condenser, having an end cut off square, one drop per 
second is usually approximately 4 c.c. per minute. 

2 In the process of shaking with concentrated sulphuric acid, small quantities of 
aromatic hydrocarbons are absorbed in addition to olefines, so that the percentages of the 
former subsequently found are always rather lower than the quantity present in the 
original material. As, however, in practice, the products have also always to be washed 
with concentrated sulphuric acid, the results obtained for the percentages of aromatic 
hydrocarbons truly represent the maximum quantities of these which could be obtained, 
provided that the washing to which they are subjected on the small scale is not more 
severe than that which they receive in large scale practice to remove the unsaturated 
compounds. The quantity of acid given above, namely, 8 per cent. of 95 per cent. acid with 
5 minutes’ shaking, has been found to effect a satisfactory removal of the unsaturated 
compounds with all samples tried, and not to cause extensive absorption of aromatic 
hydrocarbons, and such absorption of these as does take place chiefly affects the xylenes 
which are more readily attacked by sulphuric acid than is toluene, whilst benzene is still 
less affected. 

Satisfactory washing can be obtained, with many samples by the use of less than 
8 per cent. of sulphuric acid, but it is not an easy matter to judge, except by trial, how far 
this can be reduced, and the use of the full 8 per cent. does not appear to cause undue 
removal of the benzene, and toluene in any case, if shaking is not prolonged for more than 
the specified 5 minutes. 
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The strength of acid used should closely approximate to 95 per cent. H,SO,. 
Water is then carefully added down the side of the separating funnel so that it floats 
on the top of the acid layer, which thus becomes visible. With some oils the darken- 
ing on shaking with acid is so great that the boundary between the two layers can 
only be perceived with great difficulty until water is added in this manner. The 
acid layer is then run off, and the oil washed by allowing a thin stream of water to 
fall through it without shaking. After running off the water, the oil is shaken 
successively with 10 per cent. aqueous caustic soda, and finally with water, only 
gentle shaking being employed so as to avoid, as far as possible, the formation of 
emulsions. 

The difference between the volume now remaining after complete separation 
of water and the volume remaining after washing with alkali gives an approximate 
indication of the volume of unsaturated hydrocarbons (chiefly olefines) which have 
been absorbed by the sulphuric acid. 

In addition to the olefines, other unsaturated hydrocarbons are present (dienes, 
etc.) which are not absorbed by the sulphuric acid, but in its presence chiefly undergo 
polymerisation, yielding high-boiling hydrocarbons of unknown constitution boiling 
mainly from 300° to 400°C., which remain dissolved in the oil, the olefines also yielding 
polymerised hydrocarbons to some extent. The actual amount of such condensable 
hydrocarbons varies greatly, and is much higher in products derived from the carbon- 
isation of petroleum products than in those obtained from coal. An approximate 
estimation of the quantity of these is obtained from the volume of the residue left at 
200° on refractionating the washed oil. 

This oil, after freeing from water as completely as possible, is again distilled 
from a round-bottomed flask fitted with a Young 12-bulb pear column, at the rate 
of 4 c.c. per minute, and separated into fractions. The method of collecting the 
fractions 1s varied somewhat according to the composition of the washed oil. 

(1) Where not less than 50 per cent. of the washed oil distils under these con- 
ditions below 90° C., the fractions are directly collected as follows :— 


(a) up to 90°, this fraction then containing only benzene and toluene, 
together with carbon bisulphide, and paraffins of similar boiling-point. , 

(b) 90°-140°, this fraction consisting of benzene, toluene, and xylene, 
except for paraffins of similar boiling-point. 

(c) 140°-160°, consisting of xylenes, cumenes, etc., with paraffins. 

(d) 160°-200°, consisting of higher homologues of benzene, with some 
paraffins. 

(e) Residue at 200°, consisting chiefly of the polymerised hydrocarbons 
formed by the action of sulphuric acid on the dienes, etc., in the original tar 
or oil. 


(2) Ifthe amount boiling below 90° is less than 50 per cent., as is often the case 
with crude naphtha from coal tar, some xylene may also distil over with benzene and 
toluene below 90°. Where the distillate up to 90° does not amount to 50 per cent., 
therefore, the first fraction is collected up to 95°, and the second fraction from 95° 
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to 140°, and the remainder of the fractionation made as in (1). The fraction up to 
95° is then refractionated, and the distillate up to 90° collected. The residue at 
90° contains all the xylene and is then added to the fraction 95°-140°, the combined 
amounts forming the fraction 90°-140°. 

(3) When the proportion of xylene and higher-boiling constituents is low, it is 
often not possible to continue the distillation up to 140°, owing to vapours in the 
later stage all condensing in the fractionating column. In such cases, xylene is 
added to the residue after the fraction up to 90° has been collected, and the distillation 
then continued to 140°. In that case the determination of the fractions 140°-160° 
and 160°-200°, and residue at 200° is omitted, or if required, a larger quantity of the 
original oil must be taken. The xylene must not be added before the fraction up to 
90° is collected, as otherwise xylene would come over with that fraction and would 
count in the analysis as toluene. 

Sometimes the oil after washing with sulphuric acid, caustic soda, and then with 
water, forms a very persistent emulsion with the latter, which is only separated with 
great difficulty. In such cases, the emulsion may be steam distilled, when the poly- 
merised unsaturated hydrocarbons remain behind, the distillation being continued 
until the volume of condensed water approximately equals half the volume of spirit 
condensed. The difference between the volume of the steam distillate obtained after 
separation of water and the volume of oil after acid washing, gives an approximate 
figure of the total unsaturated hydrocarbons present, 7.e., the combined amount 
of olefines and polymerised hydrocarbons. In the subsequent fractionation of the 
steam-distilled oil, this is stopped at 160°, and the residue at 160° taken as the fraction 
160°-200°. Some loss of the lower-boiling constituents, especially of benzene, 1s, 
however, difficult to avoid when steam distillation is carried out. 


Determination of benzene, toluene, and xylene in the fractions “* wp to 90°,” “* 90°-140°,” 
and in commercial benzole and commercial toluole 


Before these methods can be adopted it is nécessary that the samples shall be 
freed as completely as possible from unsaturated hydrocarbons and phenols. This 
is the case when the fractions have been properly washed with sulphuric acid and 
caustic soda as described, but in the case of commercial benzole and toluole this may 
not be the case. 

The ordinary method of ascertaining whether such products are sufficiently 
free from unsaturated hydrocarbons consists in shaking 90 ¢.c. of the sample with 
10 c.c. of sulphuric acid of 90 per cent. strength, and judging from the coloration of 
the acid layer whether these have been sufficiently washed, this not being the case 
if the coloration exceeds a deep yellow or light brown colour. This test, although 
useful as a quick test for works control purposes, is far from satisfactory as a reason- 
ably accurate method for giving a comparative indication of the amount of unsaturated 
compounds present, and is byno means certain in its indications, some samples which 
are in reality well washed giving a bad discoloration, whilst others, in reality badly 
washed, may only give a slight discoloration. A much more satisfactory test, which 
is quickly carried out and gives a relative quantitative indication of the proportion of 
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unsaturated hydrocarbons present, is the determination of the quantity of oxygen 
the sample will absorb from an acid solution of potassium permanganate, at the 
ordinary temperature. This test is carried out as follows :— 

80 c.c. of water and 10 c.c. of dilute sulphuric acid (made by adding 1 part by 
weight of concentrated sulphuric acid to 3 parts by weight of water) are placed in a 
stoppered bottle of about 300 c.c. capacity, 10 c.c. of the commercial spirit to be ex- 
amined added, and the wholeshaken. The temperature of the liquid should be between 
15° and 20°C.; 50 c.c. of V/10 potassium permanganate is then added, and the whole 
shaken continuously for exactly 3 minutes ; if at the end of the first half minute the 
permanganate solution is markedly decolorised, a further 50 ¢.c. of N/10 perman- 
ganate is added, and the shaking then continued for a further 2$ minutes. The 
excess of permanganate is then destroyed by the addition of 10 c.c. of a 10 per cent. 
potassium iodide solution, with vigorous shaking. The resulting solution containing 
iodide is then titrated with V/10 sodium thiosulphate solution, shaking well between 
each addition, until both layers in the bottle become colourless. The end-point of 
the titration 1s sharply indicated by the final disappearance of the violet colour from 
the spirit layer, and there is no need to add starch as indicator unless the original 
spirit was coloured. The number of c.c. of thiosulphate solution required for the 
titration is deducted from the volume of permanganate solution taken, the difference 
given the number of c.c. of decinormal permanganate solution reduced by 10 c.c. of 
the sample under the above conditions, and this figure gives a comparative indication 
of the extent to which the sample contains oxidisable impurities. If the number of 
c.c. of permanganate solution reduced by 10 ¢.c. of the sample is multiplied by 0-008 
(1 oc. V/10 KMnO,=0-0008 gram oxygen) the resulting figure gives the number 
of grams of oxygen absorbed from permanganate by 100 c.c. of the spirit. 

Well-washed samples show the reduction of from | to 10 c.c. of permanganate 
for 10 ¢.c., or 0-008 to 0-08 gram oxygen absorbed per 100 ¢.c., but others give much 
higher figures owing to insufficient washing. | 

A completely unwashed spirit may also be tested in a similar manner to ascertain 
approximately the amount of washing it requires. In such cases, 10 c.c. of the sample 
is diluted with pure, well-washed benzene to 100 c.c., and 10 c.c. of the diluted spirit 
taken for the test. 

Any insufficiently washed commercial benzole or toluole, 7.e., any sample giving 
a higher oxygen absorption than 0-2 gram per 100 c.c., should be subjected to further 
acid-washing before testing. For this purpose a volume of 150-250 c.c. of the sample 
is shaken with 2 per cent. of 95 per cent. sulphuric acid, if the oxygen absorption 1s 
about 0-2 gram per 100 c.c., an additional 1 per cent. of sulphuric acid being used for 
each additional 0-1 gram of oxygen absorption. After removal of the acid layer and 
washing with water, aqueous caustic soda and again with water as described on page 
440, the washed spirit is transferred to a round-bottomed flask, fitted with a glass 
tube for the introduction of steam, and connected to a condenser, and distilled 
without introduction of steam until about two-thirds has distilled over; steam is 
then carefully blown through the liquid until about 50 c.c. of water has condensed for — 
each 100 ¢.c. of the sample taken. The difference between the volume of spirit in the 
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distillate, and the volume originally taken, gives the loss due to acid-washing, the 
percentage of which is calculated and allowed for in determining the percentages of 
aromatic hydrocarbons in the original insufficiently washed sample. 


Analysis of Fractions “‘ up to 90°’ and “* 90°-140° ” 


The percentage of benzene and toluene in the fraction up to 90°, and of benzene, 
toluene, and xylene in the fraction 90°-140°, may be determined with considerable 
accuracy by distilling these under specified conditions from a simple distillation flask 
of standard dimensions, and a comparison of the volume of the fractions obtained 
between fixed temperature limits with those obtained by distilling mixtures of 
known volumes of the pure hydrocarbons in the same apparatus and under the 
same conditions. 

The apparatus required for the purpose consists of: (1) A standard Engler 
100.c.c. distillation flask, as employed in the petroleum industry, having the follow- 
ing dimensions: Internal diameter of bulb, 6-5 cm.: length of neck, 15-0 cm. : 
internal diameter of neck, 1:6 cm. ; vertical height of side tube above surface of 
liquid when flask is charged with 100 ¢.c., 9-0 cm. ; angle of side tube, 75-0°. Flasks 
which do not vary more than 3 per cent. from any of these dimensions may be 
employed. 

(2) An efficient water-cooled condenser. This is preferably a 10-inch Liebig 
condenser placed vertically, the connection with the flask being made by an adapter, 
or by having the side tube of the flask sufficiently long and bending it to fit the upper 
end of the condenser. The condenser used must in any case be of a form which drains 
quickly and as completely as possible. 

(3) A set of calibrated graduated cylinders (50 and 100 c.c.). 

(4) An accurate thermometer, which is fixed in the distillation flask with the 
top of the bulb just below the bottom of the side tube. With the above dimensions 
of the flask, the length of stem below the cork is then about 100 mm. 

The accuracy of the determinations probably depends more on the correct 
reading of the thermometer than on any other single point. The thermometer used 
should preferably have a bulb of moderate size and should be graduated in. one-fifth 
degrees C. over a range of at least 70° to 130°; the 80° graduation mark should be 
about 140 mm. from the bottom of the bulb, so that when the thermometer is fixed 
in the flask in the correct position this point is well above the top of the cork. 

Calibration of the thermometer.—The thermometer should be graduated with an 
immersion of 100 mm. (this being the extent to which the stem is heated by the vapours 
under the conditions of the test) and then no correction is necessary for the length 
of the mercury column not heated by the vapour. Previous to use, it should be 
verified, or the corrections ascertained, for the temperatures 80°, 85°, 90°, 100°, 105°, 
and 116°, with 100 mm. immersion. In order to avoid mistakes in reading the 
thermometer it is convenient to put a distinctive mark on it at the actual graduation 
found to correspond on that thermometer to the corrected temperatures 80°, 85°, 
90°, 100°, 105°, and 116° Nat. Phys. Lab. standard. 

Correction for barometer.—Before making a test, the reading of the barometer 


AAA, COAL TAR DISTILLATION 


in millimetres (corrected to 0° C.) is taken, and the barometer correction ascertained 
from the usual formula, barom. corrn.=0-00012 (760—p) (253+-2°), where p=the height 
of the barometer in mm. corrected to 0° C., and ¢° the boiling-point. The magnitude 
of the correction increases with increasing boiling-point, but within the range 80° 
to 120° the following table of corrections for barometric pressures from 772 to 720 mm. 
is of sufficient accuracy :— 


p Corr: Y corr. p corr. 

772 —0-55 754 +0 -30 736 +1:10 
770 —0-45 752 +0 +35 734 1-15 
768 224) 295 750 +0-45 732 +1-+25 
766 —0-+30 748 +0-55 730 +1+35 
764 —0-+20 746 +0 +65 728 +1-45 
762 —0-10 744 ++0:75 726 +1-50 
760 0-00 742 +0-85 724 +1:60 
758 +0+10 740 +0-90 722 +1-70 
756 +0-20 738 +1-00 720 +1-80 


A thermometer which has been calibrated with the stem completely immersed 
may also be used for the test, but in that case the correction for unheated mercury 
column must be made in addition to the barometer correction, in accordance with 
the usual formula, stem correction = 0:000143 (7—?°)N, where 7 = the observed 
boiling-point, ¢° the temperature of the air around the unheated portion of the steam, 
and N the length of the emergent mercury column, expressed in scale degrees. 
Tables for the value of thi correction are given in Young’s Fractional Distelation 
(Macmillan and Co.), page 13, and a graph for the purpose by Wheeler (J.S.C.Z., 1916, 
1198). 

Before using a thermometer for the test, a few blank tests should be made with 
it, using mixtures made up of known amounts of pure benzene and toluene, and of pure 
benzene, toluene, and xylene, in order to ascertain that the results obtained with 
the thermometer are substantially correct. It has been found in one or two cases 
that certain thermometers, although quite correctly graduated, do not give correct 
results, as they have a pronounced lag. The cause of this has not been definitely 
ascertained, but appears to be due to the nature of the glass used in the manufacture 
of the thermometer. It is also advisable to carry out periodically similar blank 
tests on known mixtures with any thermometer in use for the analysis, to make 
sure that the readings given have not undergone change since its verification. 

Method of distallation.—In carrying on the distillation, a measured volume of the 
liquid to be tested is distilled from the Engler flask at the rate of about 7c.c. per minute. 
A slightly higher rate has no material effect on the results, but if the rate falls much 
below 7 c.c. appreciably increased fractional condensation takes place in the top and 
neck of the distilling flask, and may cause incorrect results. The flask is heated by 
means of a small Bunsen flame impinging directly on the bottom of the flask, the 
distillation being carried out at a spot as free from draught as practicable, a cylinder 
of fine wire gauze being also placed to surround the burner and flask up to the level 
of the top of the bulb of the flask. The distillates are collected in the graduated 


TARWORKS TESTS AAS 


cylinders, and when the thermometer reaches the specified temperature, the flame 
is extinguished, the condenser allowed to drain, and the volume of the distillate 
measured. 

Measurement of volumes and determination of specific gravity.—The specific 
gravities employed in the determinations are, throughout, those of the liquids at: 
15-5 C. compared with water at 15-5 C., and all volumes given are those of the liquids 
at 15-5° C. To correct the observed specific gravity at any other temperature 
to that at 15-5°, in the case of spirits, 0-0009 is added for each 1° C. the observed 
temperature 1s above 15-5°, or deducted for each 1° below that temperature. In the 
case of tar or products consisting chiefly of high-boiling oils, the factor used is 0:0007. 
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Fraction “ up to 90°” and commercial benzole 


When mixtures of benzene and toluene are distilled from a distillation flask 
under the specified conditions, the percentage of distillate at any given temperature 
is constant, and if the volume of distillate from 100 c.c. of the mixture to any tempera- 
ture is determined for a definite rate and for a definite size of fractionating flask, then 
with an unknown mixture of benzene and toluene the percentages of benzene and 
toluene can be found by comparing the volume of distillate obtained under the same 
conditions with that found in the case of mixtures containing known amounts of the 
two constituents (James, J.S.C.I., 1916, 236). 

The results obtained with pure mixtures of benzene and toluene are most 
conveniently plotted out in the form of a graph, temperatures suitable for the col- 
lection of the distillate being 85° corr. for mixtures containing up to 25 per cent. of 
toluene, and 90° corr. for mixtures containing from 20 to 40 per cent. of toluene. The 
percentages of toluene are plotted as ordinates, and the percentages of distillate as 
abscissee. In compiling Graph 1 the following mixtures were employed :— 


Up to 85° corr. Up to 80° corr. 
Benzene. Toluene. Benzene Toluene. 
cc. Cc. CC. CH, 
97 3 80 20 
94 6 75 25 
90 10 70 30 
85 15 65 35 
80 20 60 40 
TS 25 55 45 


In the case of the fraction “up to 90°” or of any mixtures of benzene and toluene 
only, not containing more than 45 per cent. of the latter, 100 c.c. (or less if the 
quantity available is insufficient) is distilled from the Engler flask under the same 
conditions and the percentage of distillate to 85° corr. or 90° corr. ascertained. 
From Graph 1 the percentage of toluene is read off corresponding to the percentage 
of distillate found, that of benzene being found by difference. 

Carbon bisulphide and paraffins.—When these impurities are absent, the reading 
obtained from the graph gives directly the percentages of benzene and toluene in the 
sample. The percentages of the above impurities, when present, can be ascertained 
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together with the necessary correction in the amounts of benzene and toluene, from 
a determination of the specific gravity of the fraction or sample before and after 
removal of carbon bisulphide from it. 

Carbon bisulphide.—To carry out this determination, the specific gravity of the 
sample is taken by any method giving results accurate to the third place of decimals. 
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BENZENE-TOLUENE GRAPH 1. 


A further 100 c.c. (or the combined distillate to 85° or 90° and the residue from the 
distillation test) is then mixed with 100 c.c. of alcohol or industrial methylated spirit 
(free from paraffins), 5 grams of roughly powdered caustic soda added, and the whole 
shaken for five minutes; 200 c.c. of water is then added, with renewed shaking ; 
after settling, the lower aqueous layer is run off, and the spirit washed twice with 
successive quantities of 25 c.c. of water and dried with ignited calcium chloride. The 
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specific gravity of the dried spirit is then taken accurately to the third decimal 
place. 

From the specific gravity of the spirit before and after removal of carbon bisul- 
phide, the percentage of carbon bisulphide present may be calculated (see Nickels, 
Allen’s Comm. Org. Analysis, Vol. II., part 2, page 183; Spielmann, J.S.C.L., 
1916, 396) on the assumption that the specific gravity of carbon bisulphide is 1-27 
and that no expansion or contraction occurs on mixing the latter with benzene or 
mixtures of benzene and toluene, for then if ais specific gravity of spirit after removal 
and b the specific gravity before removal of CS,, and x the percentage by volume of 
CS,, 1-272+(100—x)a=1006, or x==100 x (b—a) — (1:27—a). 

In fact, however, the assumption that no expansion or contraction occurs on 
mixing carbon bisulphide with benzene or mixtures of benzene and toluene is in- 
correct, as appreciable expansion does occur (see F. D. Brown, J. Chem. Soc., 1879, 
35, 552; 1881, 39, 205), and the observed specific gravity of mixtures of benzene 
or of benzene + toluene with carbon bisulphide in ‘known proportions is always 
lower than that calculated from the percentage of the components and their specific 
gravity by a definite amount, k, and to obtain the percentage of carbon bisulphide 
by volume corrected for this expansion the value, b-+-k, must be substituted for 
6 in the above formula, which then becomes 


x=100 x {(b+k)—a}=+(1-27—a). 


The value of & varies with different proportions of carbon bisulphide and also 
slightly with differences in the proportion of toluene present, but an average figure 
for this value for percentages of carbon bisulphide up to 5 per cent. may be taken 
without material error 2s follows :— 


% CS, k 
1 dies .  0:0010 
2 0-0015 
3 0:0020 
4 0-0024 
5 


0-0027 


Graph 2 has been compiled to enable the direct reading off of the percentage of 
CS, in the sample from the specific gravity before and after removal of CS,, the cor- 
rection for expansion being made in setting out the graph. The lower line of ordinates 
gives the observed specific gravity before CS, removal, and the abscisse the observed 
specific gravity after CS, removal, the percentage of CS, being read off from these on 
the broken black lines marked 0-5 per cent. of CS,. 

Paraffins.—In a similar manner, the percentage of paraffins present may be 
calculated from the observed specific gravity of the sample after removal of CSg, 
and the specific gravity which a sample containing the percentage of toluene found 
would have if paraffins were absent. As no material expansion occurs on mixing 
benzene and toluene, at any rate with the amounts of the latter found in the fraction _ 
“up to 90°” or in commercial benzole, this last figure may be directly calculated with 
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sufficient accuracy from the percentage of benzene and toluene found by the distilla- 
tion to 85° or 90°. 

Expansion does, however, occur on mixing paraffins with benzene or mixtures 
of benzene and toluene, and correction must be made on this account in the case of 
paraffins as well as with CS,, and the necessary formula becomes :— 
percentage by volume of paraffins in CS,-free spirit 

=100 x {(a+k')—c}+(p—c). 
Where a is observed specific gravity after CS, removal, ¢ the specific gravity of 
paraffin-free benzene-toluene mixture calculated from the distillation to 85°, » the 
specific gravity of paraffins, and k’ the correction for expansion. 


—> % TOLUENE 
4 








Ty sw 
Ut TNT TANT TS 
I Ks 

eo 

oO 

DY) 


aR. 


mane 
He 
aN 
“a 
R 








Sime Edi 





E 
| 
{o*) 
) 
ie} 











NCI 
HPSS 
iNT 


‘Sil 
& § 
R AFTER CSo5 REMOVAL 








oO 
OT 
iss) 


gd eS 
= ao a 





7 aa aee 
esa La a 


(eo) Oo 
ests 
Sp G 


oe ee 


Ce 
. Bifece BEER 
850 854 858 862 866 870 874 878 882 886 2890 894 898 302 
— Sp GR BEFORE CSs5 REMOVAL 
GRAPH 2.—PERCENTAGE OF CS, aNnD PARAFFINS: IN FRACTION “ UP T0 90°’ 
AND IN COMMERCIAL BENZOLE. 





—>SP GR AFTER CS, REMOVAL 


The exact specific gravity of the paraffins present 1s unknown, but it has been 
found by isolation of them from these products that this may be taken without 
material error as 0-730 in this fraction up to 90° or in commercial benzole. The value 
of k’ also varies considerably according to the percentage of paraffins present (the 
expansion being much greater on the addition of the first 1 per cent. than for any 
succeeding | per cent.) and also slightly with the percentage of toluene in the mixture, 
but for practical purposes the following values of k’ may be taken. 


Paraffins % k’ 
1 : 0-0017 
5 ; 0-0021 
10 ; 0-0025 
15 0-0029 


20 1 0:0033 


TARWORKS TESTS 4AQ 


From the observed specific gravity of the sample after removal of CS, and the 
percentage of toluene found by Graph 1 uncorrected for paraffins, the percentage 
of paraffins in the sample after removal of CS, may be read directly from Graph 2. 
The upper line of ordinates gives the ‘“‘ uncorrected ” percentage of toluene found, 
and the absciss the observed specific gravity of the sample freed from CS,, the per- 
centage of paraftins being read off from these on the full black lines marked 0-25 per 
cent. of paraffins. 

The percentage of paraffins thus found, is that in the sample after removal of 
CS,, and to obtain the true percentage of the paraffins in the original sample, this 
figure must be multiplied by 100-C, and divided by 100, where C is the percentage of 
CS, found in the sample. 

The percentages of benzene and toluene found be Graph 1 are those which would 
be the case if no carbon bisulphide and paraffin were present. The total number of 
volumes of benzene+toluene present in 100 volumes is 100 —C—P, where C and P are 
the percentages found of these two impurities. In the distillation to 85° or 90°, 
carbon bisulphide behaves as though it were benzene, and if paraffins are absent but 
CS, present, the result obtained by Graph 1 gives the true percentage of toluene 
correctly, and the true benzene figure is 100—C—T, where T is the percentage of 
toluene found. 

Whether the paraffins, when present, are of such boiling-point that they are 
proportionately divided between the benzene and toluene fractions 1s uncertain and 
probably variable with different samples, but the evidence appears to show that they 
are in fact roughly proportional, and that if this is assumed no material error results. 

Making this assumption when CS, and paraffins are present, the percentages of 
benzene and toluene may be calculated as follows: The total volume of benzene 
and toluene present is 10OO—C—P. Thenif Bt and T! are the percentages of benzene 
and toluene found by Graph 1 from the percentage distilling to 85°, and B and T the 
true percentages of benzene and toluene. corrected for paraffins and carbon 
bisulphide present, 

B=(100—C—P) (B!—C)=(100—Q), 
T=(100—C—P)T!=(100—C). 


With most products from tar consisting chiefly of benzene, the percentage of 
paraffins and CS, present is comparatively small, that of carbon bisulphide being 
mostly from 0-5—1-5 per cent., and that of paraffins not exceeding 5-6 per cent., 
being in the majority of cases much less; in such samples the percentage of benzene 
and toluene corrected for these may be obtained with sufficient accuracy by a simpler 
calculation, namely by multiplying the percentages of those found by Graph 1 by 
100 minus the combined percentages of carbon bisulphide and paraffins found by 
Graph 2, and dividing by 100, in which case 

B=B! x (100 —C—P) + 100, and 
T=T!x (100—C—P)~100. 

With only such amounts of carbon bisulphide and paraffins present, the figures 

obtained by the shorter method differ only by fractions of 1 per cent. from those 
26 
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found by the longer method, 7.e., by an amount which is smaller than the unavoidable 
experimental errors. The longer method is only necessary with products such as the 
‘‘fore-runnings ”’ collected in large-scale distillation previous to collecting “ com- 
mercial”? benzole containing much CS, (see Spielmann and Butler-Jones, J.S.C.1., 
1916, 911) and with products containing very high proportions of paraffins, such as 
are sometimes obtained from vertical retort tars, or from the low temperature 
carbonisation of coal. | 

Commercial benzole—Samples of commercial benzole may be analysed by the 
method given for the “ fraction up to 90° ” (see page 445), but in certain cases slight 
modifications are advisable, namely, if (1) the percentage of toluene present is less 
than 3-4 per cent., and (2) if the percentage of toluene is high. 

Where the percentage of toluene is below 3-4 per cent., the method is slightly 
modified by distilling to 85° a mixture of 95 c.c. of the sample with 5 c.c. of pure 
toluene. From Graph 1 the percentage of toluene in this mixture is read off from the 
percentage distilling to 85°, and this figure minus the 5 c¢.c. of toluene added, 
multiplied by 100 and divided by 95, gives the percentage of toluene in the original 
sample, the difference between this figure giving the percentage of benzene in the 
sample, if carbon bisulphide and paraffins are absent. The corrections for these 
are ascertained as specified above. 

Where the percentage of toluene is high, this is mostly accompanied by small 
quantities of xylene, and in the test such xylene counts as an equal amount of toluene. 
For many purposes this 1s immaterial, and the results given by the test are correct 
if the figure found for toluene is recorded as “‘ toluene+xylene.” If 1¢ 1s desired to 
ascertain the separate percentages of toluene and xylene, 500 c.c. of the sample is 
distilled with a Young 12-bulb pear column, the fraction ‘up to 90°” analysed 
as above, and the residue at 90°, consisting of benzene, toluene, and xylene, analysed 
by the method given below for the “ fraction 90°-140°.”” With a product such as the | 
commercial 50/90’s benzole, which always contains considerable amounts of xylene, 
this procedure is always advisable. 

Unwashed benzole—In some works it is the practice to fractionate the crude 
naphtha previous to washing with acid, etc., and then to subject the unwashed benzole 
and unwashed toluole separately to the washing process. 

To analyse such a sample of unwashed benzole, it is washed with 8 per cent. of 
its volume of concentrated sulphuric acid, in the manner described on page 439. The 
washed spirit is transferred to a round-bottomed flask, fitted with a tube for intro- 
ducing steam, and distilled with steam as already described (p. 488). The distillate 
after removal of water is analysed by the method just described, due allowance being 
made for the loss on acid washing in calculating the percentages of benzene, toluene, 
carbon bisulphide, and paraffins in the original unwashed sample. 


Fraction 90°-140° C. and commercial toluole 


The principle upon which the determination of the percentages of benzene, 
toluene, and xylene in such samples is carried out is as follows : When the distillation 
of mixtures of these hydrocarbons in known proportions is carried out in the same 
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apparatus and under the same conditions as described for the “ fraction up to 90°,” 
it has been found that the percentage of the distillates obtained between fixed ranges 
of temperature is quite constant, and that if a graph be drawn up in which the per- 
centages boiling belowa fixed temperature are plotted as ordinates, and the percentages 
of residue at a higher fixed temperature as absciss, the points on the graph corre- 
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sponding to the known percentages of benzene and toluene in the mixture lie on 
regular curves. From the results obtained in a large number of distillations of mixtures 
containing varying but known amounts of pure benzene, toluene, and xylene and 
measuring (1) the percentage boiling up to 105° corr. and (2) the residue left at 116° 
corr., Graph 3 has been plotted in the manner mentioned, the continuous line curves 
giving the percentage of toluene and the broken line curves the percentage of benzene 
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corresponding to the percentages of distillate up to 105° and above 116°. With a 
mixture of benzene, toluene, and xylene in unknown quantities, the percentages of 
distillate up to 105° corr. and above 116° corr. are ascertained and the percentages’ 
of benzene and toluene present may then be directly read off on Graph 3 from the 
broken line curves and full line curves respectively. The percentage of xylene is 
found by difference. There seems no reason why a similar method should not be 
employed for determining three successive members of any homologous series provided 
that they do not form constant boiling mixtures and that their boiling-points are 
not too close together. ; 

Notst.—In the method as originally published, the temperatures for the inter- 
ruption of the distillation were taken as 105° and 117°, and for special reasons which 
were only of a temporary nature the thermometer graduated with complete immersion 
of thestem, and an approximate correction for barometer and unheated stem employed. 
For several reasons it has been found better to employ a thermometer graduated with 
100-mm. immersion to avoid the necessity of making any correction for unheated 
stem, which makes slight alterations in the form of the graph, and in order to avoid 
confusion between the old and new graphs, the latter was drawn up for a different 
temperature interval. 

The method, with the specified interruption points of 105° and 116° only holds 
generally for samples containing 50-75 per cent. of toluene, and for such as give 
at least 5 per cent. of distillate up to 105° and 5 per cent. above 116°. Samples which 
do not fall within these limits can, however, be readily analysed by the method by 
adding to them such known amounts of pure benzene, toluene, or xylene as bring the 
mixture within these limits, and distilling the mixture under the standard conditions. 
From the percentages of benzene, toluene, and xylene found in the mixture, and from 
the known amounts of benzene, toluene, or xylene added to it, the percentages of the 
hydrocarbons in the original sample are readily calculated. 

If in addition to xylene small quantities of cumenes or similar higher boiling 
aromatic hydrocarbons are present, the results obtained by the test are unaffected, 
except in so far that the difference figure between 100 and the percentages of benzene 
plus toluene then gives the percentage of xylene plus higher boiling aromatic hydro- 
carbons instead of that of pure xylene. 

Carbon bisulphide, if present in the sample in more than a small amount, 
renders the results less accurate, but it is never present in appreciable amount in 
the fraction 90°-140° prepared as described. Commercial products, such as 50/90’s 
benzole, may contain more of this impurity, but such samples, as already mentioned, 
should first be distilled into a fraction up to 90° and residue at 90°, and the two 
fractions analysed separately. 

Paraffins, when present, affect the results somewhat, but a correction for the 
error thus caused and an estimation of the percentage of paraffin present can be 
ascertained from the specific gravity of the sample in the manner described later. 

Method of distillatcon.—As in the case of the fraction ‘“‘ up to 90°,” 100 c.c. of 
the fraction 90°—140° is distilled from the standard Engler flask at the rate of about 
7 c.c. per minute. When the thermometer shows a temperature of 105° corr. the dis- 
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tillation is stopped, the condenser allowed to drain, and a fresh cylinder placed under 
the condenser. The distillation is then continued under the same conditions until 
the thermometer shows a temperature of 116° corr., when the distillation is 
again interrupted. The residue, after cooling, is poured into a third cylinder, 
and the contents of the three cylinders are measured at a temperature 
approximating to that of the 100 c.c. taken for analysis. The total volume of 
the three fractions up to 105°, 105°-116°, and above 116°, should not amount 
to less than 99-5 c.c. 

In the absence of paraffins, the percentages of benzene and toluene are 
directly read off from the percentages below 105° and above 116° by means 
of Graph 3. 

If, as the result of the distillation, values for the fractions up to 105° and above 
116° are obtained which give no value for benzene and toluene on Graph 3, owing to 
the composition of the sample being such that it does not fall within the limits 
already specified, a further portion of the sample is taken less than 100 c.c. and made 
up to 100 c.c. with a known amount of pure benzene, toluene, or xylene. The 
quantities of these which it is necessary to add vary according to the composition of 
the sample, but with a little practice it becomes very easy to estimate the 
amounts which should be added. The following are Saas frequently met 
with :— 

(1) The percentage of the sample boiling either up to 105° or above 116° may 
be below 5 per cent. In this case 90 c.c. of the sample is taken and mixed previous 
to distillation with 10 c.c. of benzene, if the distillate up to 105° was below 5 per 
cent., or with 10 c.c. of xylene if the residue above 116° was below 5 per cent. Thus 
if the first test showed less than 5 c.c. below 105°, and a mixture of 90 c.c. of the sample 
with 10 ¢.c. of benzene gave 10 c.c. to 105° and 21 ¢.c. above 116°, then from Graph 3 
the amount of benzene in the mixture is 15 per cent., and that of toluene 72 per cent. 
As 10 c.c. of benzene was added, the 90 c.c. of the original sample contains 15—10= 
5 c.c. of benzene and 72 c.c. of toluene, whence, in the original sample benzene= 
5x100+90=5:5 per cent.; toluene=72 x 100+90=80-0 per cent.; xylene= 
100—5-5—80=14-5 per cent. 

(2) The percentage boiling both below 105° and above 116° may be below 5 
per cent. In this case 80 c.c. of the sample may be mixed with 10 c.c. of benzene 
and 10 c.c. of xylene, or if the percentage of toluene is very high, 75 ¢.c. of the sample 
is mixed with 15 c.c. of benzene and 10 c.c. of xylene. The percentage of benzene 
found in the mixture, less the quantity of benzene added and that of toluene found 
(without deduction) multiplied by the number of c.c. of original spirit taken and 
divided by 100, then gives the percentages of benzene and toluene in the original, 
that of xylene being found by difference. 

(3) The percentage boiling above 116° may be so high that no reading can be 
obtained on the graph. With this class, 80 c.c. is mixed with 20 c.c. of benzene and 
the mixture analysed, the percentages of benzene, toluene, and xylene in the original 
sample being calculated in a similar manner. 

(4) The percentage boiling below 105° may be so high that no reading can be 
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obtained on the graph. In such cases, which include samples with rather high per- 
centages of benzene, and in many cases the fraction “ 90°-140°” obtained as 
specified above, 80 c.c. of the sample is mixed with 20 c.c. of toluene. Where the 
percentage of benzene is very high, the mixture of 80 c.c. with 20 c.c. of toluene may 
still contain below 50 per cent. of toluene. This rarely occurs with the fraction 90° 
140° obtained as specified, but may happen with products such as 50/90’s commercial 
benzoles. In such cases a smaller volume of the original and a larger amount of 
toluene may be taken, but the smaller the proportion of the original taken, the greater 
is the unavoidable experimental error in the results. Where results are desired as 
accurate as possible, and the quantity of the sample available permits of it, it is then 
better to distil 250 c.c. of the sample with a column into the fractions “‘ up to 90°,” and 
“above 90°,” and to analyse these separately, the first by the method given above 
for the fraction ‘‘ up to 90°” and the second by that for the fraction *‘ 90-140°.” 

Paraffins vn fraction 90°-140°.—The results obtained in the manner described 
give the percentages of benzene, toluene, and xylene, on the assumption that no 
paraffins are present. When these are present, they count in the test as aromatic 
hydrocarbons, and thus bring about an error in the results. From blank tests made 
with mixtures of the three aromatic hydrocarbons with paraffins, it has been found 
that when the percentage of paraffins does not exceed 5-7 per cent., no material 
error is caused by assuming that the result for each of the three aromatic hydro- 
carbons is affected in proportion to the total percentage of paraffins present, and that 
the true percentages of benzene, toluene, and xylene may be obiained by multiplying 
the “‘ uncorrected’ percentages found as above by 100 minus the percentage of 
paraffins present and dividing by 100. 

The percentage of paraffins present may be found with a fair degree of accuracy, 
from the specific gravity of the sample, in a manner similar to that employed in the 
case of the benzene fraction. The specific gravity of a mixture of benzene, toluene, 
and xylene of the “‘uncorrected”’ percentages found can be calculated from the specific 
gravity of pure benzene, toluene, and xylene. 

If there were no expansion or contraction occurring when benzene, toluene, and 
xylene are mixed, and also no expansion or contraction on the addition of paraffins 
to this mixture, then if a is the calculated specific gravity of paraffin-free mixture, 
b the observed specific gravity of the sample, and c the specific gravity of paraffins 
present, the percentage of paraffins present would be :— 


100 x (b—a) +(c—a). 
But, in fact, expansion occurs both when benzene, toluene, and xylene are 
mixed and also on addition of paraffins to these mixtures. If /? is the fall in specific 
gravity due to expansion on mixing benzene, toluene, and xylene, and k* the further 
fall on addition of paraffins to this mixture, then 


STh+(k2+k3)]—at 
°% paraffins=100 x ee 


The value of k? varies somewhat, but within the range of the proportions of 
benzene, toluene, and xylene usually present in the fraction 90°-140° or in commercial 
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toluole, it may be taken as having a constant value of 0-0010. The value of k2-+-k3 
for the combined fall in specific gravity on mixing benzene, toluene, xylene and 
paraffins has been found experimentally as an average value as follows :— 


Paraflins % he + he 
I : . 0-0012 
Jemeeeee  )' 0.0014 
5 ; : 0-0019 

(Le : 0-0022 
15 ; : 0-0025 
20 ; : : 0-0030 


The average value of the specific gravity of the paraffins present in this fraction 
may also vary, but has been found by isolating them to be usually about 0-74 which 
is taken as the value of c. ; 

The specific gravity of benzene, free from paraffin hydrocarbons, is 0-885. With 
regard to the specific gravity of pure toluene, authorities differ. The figure is usually 
given as 0-870, which is rarely exceeded in samples of commercial “ pure toluene ” 
obtained from coal tar. W. H. Perkin, senior, however (J, Chem. Soc., 1896, 1191), 
showed that when such toluene is converted into the sulphuric acid and the latter 
purified and reconverted into toluene, the hydrocarbon thus obtained, absolutely free 
from paraffins, has the specific gravity of 0-8721, and a repetition of his work has 
confirmed this figure. The specific gravity of toluene, free from paraffins, is therefore 
taken as 0-872. 

In the case of xylene, the specific gravity is in any case uncertain, as this is a 
mixture of o-, m-, and p-xylene, each of which has different boiling-point and different 
specific gravity. Perkin found the specific gravity of these three xylenes, when pure, 
to be: o-xylene 0-8818, m-xylene 0-8691, and p-xylene 0-8661; as the mixtures 
of xylenes from coal tar, etc., usually consist to the largest extent of m-xylene, with a 
smaller amount of p-xylene, and still smaller amounts of o-xylene, the average specific 
gravity of the xylene mixture entirely free from paraffins may be taken as 0-868. 
Commercial ‘‘ pure xylene ”’ rarely has a higher specific gravity than 0-865—0-866, 
and like the commercial “ pure toluene,” still contains small amounts of parafiins. 

Having obtained the “ uncorrected ”’ percentage of benzene, toluene, and xylene 
in the sample in the manner already described, and also the specific gravity of the 
sample, the percentage of paraffins is determined as follows: From Graph 4 the 
calculated specific gravity of the mixture is read off from the percentages of benzene 
and toluene found (the specific gravity of the pure hydrocarbons being taken as 
0-885, 0-872, and 0-868 respectively), and the percentage of paraffins is then read off 
from the observed and calculated specific gravities by means of Graph 5, which is 
drawn up from the formula given, allowing for the expansions which occur. The 
‘* corrected ” amounts of benzene, toluene, and xylene are then obtained by multiply- 
ing the ‘‘ uncorrected ” figures by 100 minus the percentage of paraffins, and dividing 
by 100. | ? | 

For many purposes it 1s frequently desired to ascertain the percentage present, 
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not of the true paraffin-free toluene or xylene, but that of the percentages of ordinary 
‘commercially pure toluene ”’ of specific gravity 0-870 and of “ commercially pure 
xylene’ of specific gravity 0-865. To enable these percentages to be ascertained 
readily Graph 44 has been drawn up in exactly the same manner as 4, but taking the 
specific gravity of toluene as 0-870 and of xylene as 0-865, and the readings obtained 
from these Graphs 4A and 5 give directly the percentages of commercially pure 
toluene of specific gravity 0-870 and commercial xylene of specific gravity 0-865. 
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——> Y% TOLUENE 
GRAPH 4.—CALCULATED Sp. GR. OF PARAFFIN-FREE MIXTURES OF BENZENE, 
TOLUENE AND XYLENE. 


BENZENE = 0-885 TOLUENE = 0°872 XYLENE = 0-868 


The percentage of paraffins, of course, then comes out slightly less, as a small amount 
of these is included in the “‘ commercially ”’ pure toluene and xylene. 

As previously stated. when the percentage of paraffins exceeds about 7 per 
cent., the “‘ uncorrected ”’ figures obtained for benzene, toluene, and xylene are not 
necessarily in proportion to the true percentages present, and the “ corrected ” 
figures obtained in the manner specified may be in error to the extent of 2-3 per 
cent. With most coal-tar products, the percentage of paraffins rarely exceeds 
5 per cent., but in certain samples, such as the products from coal tar obtained in 
vertical retorts, the percentage may rise to 20 per cent., and is often still higher 
with products obtained by very low-temperature carbonisation. 
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AST 


Blank tests with known mixtures of the aromatic hydrocarbons containing up 
to 10-25 per cent. of paraffins have shown that this error may be greatly reduced, 
if in the distillation of the fraction ‘“‘ 90°-140° ” such quantities of benzene, toluene 
or xylene are added to it that the mixture contains between 52 and 58 per cent. of 
toluene uncorrected for paraffins, and on distillation gives not less than 20 per cent. 
respectively of distillate up to 105° and residue “ above 116°.” For percentages of 
paraftins above 25 per cent., whilst the method gives fairly accurate figures for the 
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GRAPH 44.—CALCULATED Sp. GR. OF PARAFFIN-FREE MIXTURES OF BENZENE, 


TOLUENE AND XYLENE, 


BENZENE = 0-885 TOLUENE = 0-870 XYLENE = 0-865 


percentage of paraffins, no method has been found whereby it is possible 





to get 


accurate determinations of the percentages of benzene, toluene, and xylene 


present. 


Unwashed toluole.—In some cases in works practice the toluole fraction is 
separated by distillation from the crude naphiha previous to acid washing. For the 
analysis of such samples, 150-250 c.c. of the spirit is washed with acid and steam- 
distilled in the manner described for unwashed benzole on page 438. Ifthe percentage 
of xylene is not required, instead of steam-distilling the residual oil after treatment 
with sulphuric acid, etc., this may be distilled without steam, using a good column, 
and collecting the distillate to 140° (adding a little xylene if the thermometer does not 
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reach 140°) and making up the distillate with pure xylene to the volume of unwashed 


toluole originally taken. 
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GRAPH 5.—PERCENTAGE OF PARAFFINS IN 
FRACTION 90°-140° AND IN COMMERCIAL 
TOLUOLE. 
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Fraction 140°-160°, and commercial 
solvent naphtha 

The fraction 140°-160°, obtained from 
the preliminary distillation of coal tar, etc., 
in the manner described, consists of the 
constituents present in commercial coal-tar 
solvent naphtha, namely, xylenes, cumenes, 
and other aromatic hydrocarbons. of boiling- 
points up to about 170°C. If to the per- 
centage of this fraction found there is added 
the percentage of xylene (calculated on the 
original tar) found in the fraction 90°-140°, 
the combined figure gives an approximate 
estimation of the quantity of commercial 
solvent naphtha contained in the tar. 

Owing to the large number of hydro- 
carbons present, and the fact that the boiling- 
points of the constituents are in many cases 
so near together, it 1s not possible by any 
distillation method to make any determina- 
tion of the relative amounts of the individual 
constituents. The composition of the com- 
mercial products varies considerably, but 
when prepared from crude tar fairly free from 
paraffin hydrocarbons, its specific gravity 1s 
usually from 0-865 to 0-866. Each 0-001 
that the specific gravity of a sample of 
xylene or solvent naphtha is found below 
()-868 indicates the presence of approximately 
1 per cent. of paraffins. The commercial 
product also often contains a higher per- 
centage of unsaturated hydrocarbons than 
is the case with commercial benzole and 
toluole, since for many purposes for which 
solvent naphtha is employed the complete 
removal of these is unnecessary, and there- 
fore the acid washing to which it is subjected 
in practice is less severe. . 

Benzene and toluene in commercial solvent 
naphtha.—The commercial product mostly 
contains varying amounts of toluene, and 
in addition sometimes contains small quan- 
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tities of benzene. To determine with accuracy the amount of these hydrocarbons 
present, 250 c.c. of the sample is distilled with a good column at the rate of 
about 4 c.c. per minute, and the distillate to 142° collected. This first distillate is 
then again fractionated in the same apparatus, the distillate being now collected to 
138° and its volume measured. This second distillate is essentially identical with a 
commercial toluole, rather high in xylene and low in benzene content, and is analysed 
by the method given above, the quantity of benzene and toluene found being 
calculated to percentages of the original solvent naphtha. 

A quicker method, giving results sufficiently accurate for many purposes, is to 
distil 100 c.c. of the sample with a column, the distillate to 138° being collected in a 
100 ¢.c. cylinder. To this is added 20 c.c. of benzene, and the contents of the 
cylinder then made up with toluene to 100 c.c. This mixture is then distilled, and 
the fractions ““ up to 105°” and above 116° determined, and the percentages of 
- benzene and toluene in the mixture read off on Graph 3. The percentage of benzene 
found in the mixture less the 20 c.c. added, and the percentage of toluene found 
less the amount added to make up 100 c.c., give directly the percentages of benzene 
and toluene in the original solvent naphtha. 


Fraction 160°—200° 


The amount of this fraction, obtained from the original preliminary distillation 
of the tar or oil, gives an approximate figure of the amount of ‘“ heavy solvent 
naphtha ” contained in the tar. Commercial heavy solvent naphtha, like the light 
solvent naphtha, consists chiefly of aromatic hydrocarbons, but in the heavy naphtha 
the boiling-point of these hes mainly from 160° to 200°. Any paraffins of similar 
boiling-point present in the original tar are also contained in this fraction. As with 
solvent naphtha, the number of constituents is so large and their boiling-points so 
close together, that their estimation by any distillation method is impracticable. 
The specific gravity of the fraction from different tars also varies so much that even 
an approximate estimation of the percentage of paraffins present is hardly practicable 
by this means. 

Degree of accuracy of method 

During the past four years some hundreds of blank tests have been made of 
mixtures made up with known amounts of pure benzene, toluene, xylene, carbon 
bisulphide, and paraffins in order to determine the degree of accuracy which may be 
expected in the analysis, especially of the fractions “up to 90°” and “ 90°-140° ” 
corresponding to commercial benzole and commercial toluole. 

In the case of the fraction “ up to 90°,” when this consists of benzene and toluene 
- only, the figures obtained show that when using an accurately calibrated thermometer 
and adhering to the conditions specified, the results given by the analysis differ only 
from the quantities actually taken by less than 0-5 per cent., and even when paraffins 
are present, unless their percentage is high, the results rarely differ from the true 
figures by more than that amount. The percentage of carbon bisulphide usually 
comes out correct within 0-1 per cent. 

With the fraction 90°-140°, and in properly washed commercial toluole, in the 
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absence of paraffins, the results obtained for all three constituents, benzene, toluene, 
and xylene, are almost always within 0-5 per cent. of the true figures. A series of 140 
tests of mixtures of known amounts of pure benzene, toluene, and xylene in which © 
the relative amounts were varied as much as possible, showed that of the 420 separate 
determinations of the three constituents, none differed from the correct figure by 
1 per cent., and in only six cases was the error more than 0-5 per cent. The average 
quantities of benzene, toluene, and xylene.in the 140 mixtures taken were as follows : 
Benzene 21-4 per cent., toluene 61-7 per cent., xylene 16-9 per cent., and the 
average quantities found were identical, the errors in the individual tests balancing 
each other. : 

_ With quantities of paraffins not much exceeding 5 per cent., the experimenta | 
error is slightly greater, but rarely exceeds 1 per cent. With higher percentages of 
paraffins the possible error increases, but if the precaution is taken mentioned on 
page 457 with regard to the composition of the actual mixture distilled to determine 
the percentages boiling below 105° and above 116°, the error rarely much 
exceeds 1 per cent. wp to 25 per cent. of paraffins, though in the absence of 
this precaution the error in the percentage of toluene present may rise to 3 per 
cent. Above 25 per cent. of paraffins the magnitude of the possible error increases 
considerably. 

The length of time required for the preliminary distillation of the tar or oil varies 
considerably according to the quantity of the latter which has to be taken to give 
a sufficient quantity of the light fraction for the further analysis, and also, as is 
well known, especially according to the amount of water and solid matter (“ free 
carbon ”’)in the tar. The further complete analysis of the unwashed fraction to 200° 
takes from 33 to 4 hours, but if the analysis of two or more samples is carried on 
simultaneously, the average time required is considerably less. 

In the subjoined schedule, the detailed results are given resulting from the 
analysis of a “ crude benzole ” from gas made in vertical retorts, containing carbon 
bisulphide and a somewhat large percentage of paraffins, which exemplifies the carry- 
ing out of the method and the necessary calculations :— 


Analysis of crude bensole from vertical retorts 


Volume taken for analysis, 500 c.c., specific gravity at 15-5° C. 0-854 :— 


Original sample 


Distillate to 200° . é' ‘ 1t462-6.C- 
Residue at 200° (diff.) . bob teh by 


Unwashed fraction to 200° 


Vol. after alkali washing : .. 408i¢7¢; 
Loss oapee 4, 
Vol. after acid washing . Sp Aly 


Logs : , . : Ry Pate leaey 
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Fractionation of washed distillate 


Up to 90° eee LOUSC.C: 
90°-140° ; me lA ,, 
140°-160° A yy 
160°—200° ee SUL, 
Residue at 200° by diff. 46 ,, 


Washed distillate *“‘ up to 90°” 
100 c.c. gave 83-3 c.c. up to 85°. 
From Graph 1. Benzene=90-0 % unc. 
Toluene=10-0 % ,, 
Sp. gr. before CS, removal, 0-856 


we aver Pe 0-854 
From Graph 2. CS,=0:5% Paraflins=17-2 % 
% Comp. of Comp. of 
fraction. 160 e5c. 
CSaae 0:5.7, 0-8 c.c. 
Parafins Lic2c, IMAI. Fy 
Benzene TAs he BLS-Om 
Toluene S284 Aba. 
Washed distillate 90°-140° 
81 ¢.c.+19c.c. Toluene+0 c.c. Benzene. 
From Graph 3. 
Up to 105° . 89-395 Benzene = 29-3 % 
105°-116° sone, Toluene =53:6% 
Above 116° . s GERI, Xylene =17-:1% 
In 81.c.c. of In 100 c.c. of 
w.d. 90°-140° w.d. 90°-140° 
Benzene, unc. . 5. USES 36-2 
Toluene, unc. . ; . 04-6 42-7 
Xylene, unc. ; lish 21-1 
Sp. gr. of fraction 0-840 


Cale. sp. 


Paraffins 
Benzene 
Toluene 


Xylene 


or. of paraffin-free sample from Graph 4 . 0-876 
Therefore, from Graph 5 paraffins=24-7 %. 


% Comp. of Comp. of 
fraction. 147 c.c. of fraction, 
DAC 36:3 ©.¢. 
27-2, Tae 
39-20%, WaBs ve 
15-9% DB) 8 
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In order to check, as far as possible, the accuracy of the results, a mixture was 
made up of the number of c.c. found of CS,, petrol (free from aromatic hydrocarbons) 
boiling from 80° to 140°, pure benzene, pure toluene, solvent naphtha free from 
toluene, and heavy naphtha. To the naphthas, however, were previously added 
pereftins of similar boiling-point to make their specific gravity approximately 0-83 
and 0-84. This mixture was then analysed in the prescribed manner, the following 
results being obtained :— 






































Taken % Found % 
COP PRD tee te 0-2 0-2 
Paraffins to 140°. 17-1 16-5 
Benzene 42-2, 43:3 
Toluene 16-2 16-5 
Solvent naphtha 16-2 14-1 
Heavy naphtha . 8-0 9-4 
Fraction Fraction | Fraction | Fraction Loss on Loss en ee Fraction. Total in /Per cent. 
a "90. UDP We Lec Ne AO a8 Uk Ses hen ieee Soa end | Be 
CS». . : ; 0-8; — - —— —- --= — — 0:8 0-2 
Paraffins to 140° . PATE N Sy Lap Layo = - — — = — 63-8} 12-8 
Benzene 118-6] 40-1 — — — ~~ = — |158-7| 31-7 
Toluene : 13-1) 47-3 oa — a — — 60-4; 12-1 
Solventnaphthan |) | 23-34 87-0) — a — — = J e6Or si cle 20 
Heavy naphtha oo — — | 30:0; — — — — 30700 7650 
Loss on alk. wash — — —- —— 4-0 — — — 4-0 0-8 
Loss on acid wash — — — — 38-0 —- a 38-0 71:6 
Above 200° washed 
distillate . — a= — — —— — 46-0 = 46-0 9:2 
Above 200° in 
original = = — ne ae as | — -| 38-07 3870/6 7-6 

















* These contain approximately 40-45% paraffins. 


BENZOLES AND TOLUOLES 


In addition to Dr. H. G. Colman and Mr. E. W. Yeoman’s paper dealing with 
methods of determination of benzene and toluene in coal-tar products, the reader 
is referred to the following papers by H. G. Evans on “ The Estimation of Paraftins 
and Unsaturated Compounds in Commercial Toluols,’’! “ The Estimation of Paraffins 
in Commercial Toluol”’, by E. Lewis, ‘‘ The Estimation of Paraffins in Commercial 
Toluol,” by H. G. Colman,* and “ Analysis of Commercially ‘ Pure’ Benzene,” by 
F. Butler Jones, B.A. (Cantab.), A.I.C.4 


1 J.S.C.1., Vol. 38, No. 23, pp. 402T—405T. 
PhS CLs, VOLS os NOD AD, DOL, 

oJ .S-C.L., Vol. 39, No.4, p. 50T, 

* J.S.0.L., Vol. 37, No. 24, pp: 3247-3277, 
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TESTING BENZOLISED AND DEBENZOLISED OIL FOR CRUDE 
BENZOLE CONTENT 


Two hundred c.c. of the oil are placed in a retort with the thermometer in the 
liquid. The retort is connected to a moderately long air-cooled, or a short water- 
cooled, condensing tube and any distillate up to 160° C. collected in a 20 c.c. graduated 
measure. This distillate is considered as crude benzole. 

A method of estimating benzoles in wash oils based on simply ascertaining the 
vapour pressure of the benzole dissolved was used at the Lyons Gas Works during the 
war, 2nd is fully described and illustrated in the Gas World.+ 

According to the experience of Lance Shuttleworth, the most difficult and elusive 
of all tests connected with benzole plant efficiency are (1) the estimation of benzole in 
gas, and (2) the estimation of benzole in scrubbing oils. This worker gives a method 
of estimating benzole in gas and also in scrubbing oil in the Gas World.? 

The determination of the benzole content of wash oil is dealt with somewhat 
fully in Whitehead’s Benzole, and the reader is recommended to consult this work, 


Wasu OILS 


A method of examining wash oils for removing benzole and naphthalene from 
gases by F. Pannertz? is as follows :— 

Vessels containing 50 ¢.c. of crude benzole, 70 c.c. of the oil to be examined, 
20 c.c. of dilute sulphuric acids, and 80 c.c. of, and 20 c.c. of, saturated picric acid 
solution are arranged in the order given, and 100 litres of pure air drawn successively 
through them, The absorbing capacity of the test oil for benzole is found by taking 
into consideration the loss in weight of the crude benzole, and the increase in weight 
of the test oil. An examination of the two picric acid vessels will clearly show whether 
the oil gives up too much naphthalene. Oils which act in this manner are, of course, 
quite unsuitable for use as scrubbing oils. In this process an advantage is obtained 
in regard to the estimation of naphthalene by picric acid ; it appears that traces of 
benzole vapour which are carried over render naphthalene picrate lighter, and instead 
of separating out it collects in layers of a flocculent nature in the upper part of the 
solution. If, further, a quantitative determination is required, a pipette with the top 
closed by pressing the finger on it can be pushed through the picrate precipitate, 
and the clear liquid sucked off. This method does away. with filtering, which is 
liable to introduce error. Of course, it is necessary to weigh the picrate vessels 
before conducting the operation. 


DETERMINATION OF BENZENOID HybDROCARBONS IN CoAL GAS 


Pending the discovery of something better, the following methods are given. 
They are said to yield satisfactory results if carefully carried out.* 


* Gas World, Coking Section, November 5th, 1921, p. 20. 

2 Gas World, Coking Section, July 2nd, 1921, p. 1 

3 Gas. u. Wasserfach, 1922, 65, 113- 15; See also J.S.C.L., Vol. 15, 1922, p. 241A, 
4 See Gas World, Coking Section, August, 1916, p. 13. 


AGA COAL TAR DISTILLATION 


To estimate benzole or toluole in coal gas by absorption 1s 2 rather difficult test, 
as at least 100 cubic feet of gas should be treated, the content of these oils being so 
low. But the oleic acid test for light oils in gas is, 2s a works test, fairly reliable, 
and useful where a stripping plant 1s in use. Three bubbling bottles should be used 
(about 1-inch seal in each bottle) containing the oleic acid (oleic acid B.P. is used) 
and a convenient amount of gas, say, 10 cubic feet, bubbled through. After this, - 
the contents of the bottles should be steamed, 7.e. steam bubbled through and con- 
densed by passing through a suitable condenser, a measuring cylinder being provided 
to receive the condensate, which consists of water and light oil. The latter can be 
easily read off, say, as c.c. per cubic foot, and can be calculated to a convenient 
standard, say, gallons per ton of coal (4,543 c.c. to a gallon). Ten to fifteen minutes 
should be allowed for steaming. In thet time all recoverable light oil will have come 
over; and, of course, after a series of tests, if the oil be retained, there would be 
a sufficient quantity of it to fractionate in the ordinary way, separating the water by 
means ofa separator, and the last traces by means of the addition of a little calcium 
chloride. The oleic acid, after separation from water as the result of the steaming, 
may be used again, and will last some number of tests if a little fresh acid is added 
occasionally. This test 1s in use on several plants. 


Mu.tuer’s MetTHop FoR THE DETERMINATION OF BENZOLE, ETC., 
IN Coat Gas! 


Miiller’s method consists in passing a measured volume of gas first through 
a washing and drying train (consisting of two bottles eontaining 25 per cent. caustic 
potash solution, one bottle with 25 per cent. sulphuric acid, and two large tubes filled 
with granulated anhydrous calcium chloride), and then through four weighed absorp- 
tion bottles of “‘ oleum petroleum.” These are connected to a fifth empty and weighed 
catch-bottle, followed by a drying tube and the gas meter. Interposed between the 
two last-named is a pressure gauge for correction of the results to N.T.P., if this is 
necessary. The five weighed bottles are placed in a shallow tray and surrounded by 
ice. The train is connected to the gas main before the benzole scrubber inlet, and gas 
is passed through at a speed of 10 litres per hour. The increase in weight of the five 
bottles is taken as the weight of benzole, etc., in the volume of gas washed. A similar 
train fixed to the gas main at the scrubber outlet will indicate what amount of benzole 
is left in the gas, and from the two figures the scrubbing efficiency is arrived at. The 
test should extend over at least twenty-four hours, and be timed to correspond with 
the times of emptying the “ benzole daily production” tank, so that actual makes 
can be compared with the efficiency figures. The ‘“‘ oleum petroleum ”’ of the British 
Pharmacopceia is used. Its specific gravity should be 0-88, its boiling-point 360° C., 
it should be non-volatile at ordinary temperatures, and should deposit no solids at 
‘Ue OF 

Further particulars in regard to the determination of benzole in coal gas are 
given in Whitehead’s Benzole,? to which the reader is referred. 


1 See Gas World, Coking Section, February, 1917, p. 19. 


* Benzole, its Recovery, Rectification and Uses, 8. E. Whitehead. Benn Brothers, 
Ltd., London. 


TARWORKS TESTS 465 


Wilson! and Bradley? favour the use of petroleum instead of oleic acid. The 
petroleum oil used must not yield anything under 200° C. when heated in a retort. 
Coal gas is passed through the petroleum, and the increase in weight of the petroleum 
after the passage of the gas is considered as benzenoid hydrocarbons, or else the 
petroleum is distilled after the gas has been passed through it and the distillate 
collected up to 120° C. (or 165° C.) is assumed to be crude benzole. 

There is certainly a need for a rapid and reliable works test for benzenoid 
hydrocarbons in coal gas. 


DETERMINATION OF NAPHTHALENE IN Coa Gas 


Macleod and Henderson*® recommend passing 0-7 cubic foot of gas per hour 
through a saturated solution of citric acid and then through a 10-bulb absorption tube 
containing 2-6 grams of recrystallised picric acid and about 100 c.c. of water. At 
the end of the test the contents of the absorption tube are washed into a 250 c.c. 
flask and heated to 40° C. (104° F.) on the water-bath until all the picric acid has 
dissolved. After cooling, the saturated picrate is filtered off and the unused acid 


titrated with soda. About 10 cubic feet of gas are passed through the apparatus, 


the actual amount being measured by the use of a meter. 

C. J. Dickenson Gair* gives the following method: About 350 c.c. of acetic 
acid (sp. gr. 1-044) are taken in two Woulfi’s bottles or towers. A small Woulft’s 
bottle containing 150 c¢.c. of picric acid solution is also placed after the acetic acid 
bottles to act as a catch, and a measured volume of gas, not more than 3 to 6 cubic 
feet usually, passed through at the rate of about 1 cubic foot per hour. If the gas 
is impure a bottle containing oxalic acid solution maintained at a temperature of 
80° C. is fitted in front of the bottles containing the acetic acid. In the event of 
there not being sufficient pressure to force the gas through the wash bottles, or if the 
gas be under vacuum, use is made of a piece of apparatus which pulls the gas through 
the bottles by means of a water pump and then automatically separates it from the 
water, the gas passing through the experimental meter at the ordinary atmospheric 
pressure. After the experiment is finished, the acetic acid and picric acid from the 
bottles are mixed in a flask, and about 500 c.c. of concentrated picric acid solution 
added. Pure naphthalene picrate separates out at once, in large flocculent masses, 
which have the advantage of being extremely easy to filter. After filtering, the 
naphthalene picrate is dried im vacuo or in a warm room, and weighed. 

To students and others who are interested in the determination of benzole in 
coal gas, the author would recommend that they studied a paper upon this subject 
by A. Thau, published in full in the Chemical Age of November 4th, 1922, pages 
630 to 638. 


1 Gas World, Coking Section, December 2nd, 1916, p. 11. 

2 Gas World, Coking Section, January 6th, 1917, p. 9. 

3 ** Notes on Naphthalene in Coal Gas,” J.S.C.J., 1914, p. 299. Also J.S.C.J., 1913, 
pin16: 
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CrEsyLic ACID 


Specific Gravity.—This constant is determined either by a hydrometer or specific 
gravity bottle. 

Water.—This material is usually estimated by distilling carefully 100 c.c. of the 
sample in an 8-oz. retort until all the water and 10 c.c. of oil have been collected in a 
measure. A little benzole is then added to the contents of the measure, with - 
shaking, and the mixture allowed to stand in order to enable the water to separate, 
when a clear reading may be obtained. | 

Distillation.—This test should be conducted in a Wurtz or distillation flask 
connected to an air condenser. The percentage of distillate is read off, as a rule, 
at the following points: 194°C., 196° C., 198° C., 200° C., 202°.C., and 204° C. 

Naphthalene and Neutral Ouls—This is not an easy test to carry out, and at the 
best is‘only approximately accurate. Twenty grams of the sample are taken and 
placed in a separating funnel. The beaker in which the 20 grams were weighed is 
rinsed out with 100 c.c. of 15 per cent. caustic soda and the rinsings added to the 
cresylic acid in the funnel. The lot is well shaken, and when the acids have dissolved 
100 c.c. of distilled water are added with thorough agitation. If a clear solution 
results, then naphthalene and neutral oils may be considered absent, but in the case 
of marked turbidity the mixture is extracted with light petroleum ether, which is 
dry at 75° C., the extract carefully separated, run into a weighed beaker or flask, 
the ether cautiously evaporated off on a water-bath and the residue weighed. 

In cases in which the cresylic acid contains a fairly large quantity of oil and 
naphthalene, the following rough test may be used: Into a 100 c.c. stoppered test 
mixer 40 c.c. of 60° Tw. caustic soda are placed, and on the top of this 40 c.c. of 
eresylic are carefully poured. The two substances are thoroughly mixed and then 
allowed to cool down to 60° F., after which 5 c.c. of benzole are added and the lot 
shaken up. The contents of the test mixer are now allowed to stand in order that the 
benzole may separate, together with any oil and naphthalene which it has dissolved; 
the increase in volume of benzole may be taken as oil. The author does not altogether 
approve of this test. 

Tar Acids in Cresylie. —If it is desired to estimate these, the following method 
may be used: 100 c.c. of the sample measured at 60° F. are placed into a separating 
funnel and about 100 c.c. of 60° Tw. caustic soda added to the same, and the lot well 
shaken until the cresylic has dissolved. The solution is then extracted with light 
petroleum ether, the ether extract carefully separated, and the cresylate of soda 
filtered through a little glass wool into a large beaker. It is brought up to the boil 
and kept at this point for about two minutes, after which it is allowed to cool down. 
It 1s then placed in a separating funnel, the beaker being rinsed out with a little water 
and the tar acids thrown up by the addition of dilute B.O.V. A sufficient length of 
time is given for the tar acid to separate properly, when the subnatant sulphate of 
soda liquor is separated, and the tar acids run into a measure and the volume read off. 

Sulphuretted Hydrogen and Sulphur Compounds.—During the manufacture of 
cresol it 1s necessary to test 1t for sulphur compounds, and it is also advisable to 
examine samples which are being purchased for the same substances. The method 
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generally used is to place about 50 c.c. of the cresol in a flask fitted with air inlet 
and outlet tubes, the inlet tube dipping into the cresol. The outlet tube is connected 
to another flask, which in its turn is fitted to a filter pump. In this flask a piece of lead 
acetate paper 1s suspended in such a position that it hangs over the air inlet tube. 
Air is aspirated through the cresol by means of the filter pump, and during its passage ~ 
through the second flask it comes in contact with the acetate paper. Should sulphur 
compounds be present the paper will turn brown or black. A good sample of cresylic 
will not blacken an acetate paper after 15 minutes. Fig. 152 illustrates the arrange- 
ment of the flasks, ete. 


Meta-CrEsoL—CRESYLITE TEST 


There is 2 special grade of cresylic acid manufactured which contains a consider- 
able quantity of meta-cresol. This material is used for the manufacture of trinitro- 
meta-cresol. There are two methods of testing this substance, one of which is known 
as the short test and the other as the long test. They are carried out as follows :— 

Short Test.—Ten grams of the cresol are placed in an Erlenmeyer flask and 
15 c.c. of 60° Bé. sulphuric acid are added. The lot is well agitated, and then heated 





‘TO VACUUM PUMP 


Fic. 152.—APPARATUS "USED IN TESTING CRESYLIC ACID FOR SULPHUR. 


for one hour in a steam oven. After this the sulphonated mixture is poured into 
a 1-litre flask and thoroughly cooled under a water-tap. Into the Erlenmeyer flask 
in which the cresol was sulphonated 90 ¢.c. of 40° Bé. nitric acid are placed and 
thoroughly shaken until the sulphonated material adhering to the flask sides is 
rinsed off with the acid. It is then cooled a little and transferred rapidly to the con- 
tents of the lire flask. - The lot is now vigorously shaken. In a few minutes reaction 
will take place. The mixture is now allowed to stand until the reaction is finished, 
when it is emptied into a large porcelain basin containing 40 c.c. of cold water. The 
flask is rmsed out with another 40 c.c. of cold water and the rinsings added to the 
contents of the basin,after which the lot is allowed to remain until the trinitro-meta- 
cresol crystallises out, It is then filtered through an ordinary filter paper, the crystals 
dried in a steam oven at 95 to 100° C., and weighed ; the result multiplied by 10 
equals the cresylite test. 

Long Test.—A retort of a capacity of 1 litre is fitted with a cylindrical dropping 
funnel, provided with a stop cock, holding about 50 c.c. The retort is placed in a 
spherical sand bath, about 14cm. in diameter. The operation must be conducted 
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in a fume cupboard. Into the retort 50 grams of nitric acid of 40° Bé. strength are 
placed and gently warmed to a temperature of 80°C. In the meantime 50 grams of 
the sample of cresol are mixed with 125 grams of sulphuric acid and allowed to stand 
for an hour. After this time has elapsed the contents of the flask are run into the 
dropping funnel and the flask inverted over it in order that 1t may thoroughly drain. 
The sulphonated cresol is allowed to drop into the nitric acid at such a rate that 
the whole of the contents of the dropping funnel will take between 14 to 2 hours to 
run into the acid. The temperature must be kept at 80°C. the whole of the time 
and regular ebullition maintained. Red vapours are given off, and should these 
vapours whiten towards the finish, the test must be repeated with a larger quantity 
of nitric acid. The nitric acid should not be in great excess as the trinitro-meta- 
cresol is appreciably soluble in mother liquor charged with nitric acid. Immediately 
the whole of the sulphonated cresol has dropped into the nitric acid, the gas flame 
is removed and 20 minutes allowed to lapse, after which the contents of the retort are 
poured into a large porcelain basin containing 400 ¢.c. of cold water. The mixture 
is then left to cool for 24 hours,and the crystals which form are carefully separated 
from the mother liquor by decanting the latter into a filter funnel provided with a 
perforated filter disc and covered with round filter paper. The mass of crystals in the 
basin is melted in 200 c.c. of water, allowed to cool, the mother liquor removed as 
just mentioned, the crystals broken up, allowed to drain, dried at 50° C., weighed, and 
multiplied by two. 

A communication by J. J. Fox and M. F. Barker, entitled “Analysis and Com- 
position of Cresylic Acid,” deals with the methods whereby proportions of the three 
cresols in cresylic acid may be determined in a comparatively ready manner. 

(There is a “ Corrigenda ”’ in the J.S.C.J. for October 31st, 1922, No. 20, page 
338T, on the above paper.) 

Some valuable work upon the solidifying and boiling-points of phenols and of 
cresols has been carried out by J. J. Fox and M. F. Barker and the results published 
in the Journal of the Society of Chemical Industry. 


CARBOLIC ACID 


Specific Gravity.—This constant is determined by a hydrometer or specific gravity 
bottle. ; 

Water.—This is generally determined during the carrying out of the crystallising 
test. 

Solubtlity.—The sample is required to answer the following: 50 c.c. of the 
crude carbolic acid must be completely soluble in 100 c.c. of caustic soda of a specific 
oravity of 1-10. 

Crystallising Point.—There are one or two methods of carrying this out, but that 
generally used for the buying and selling of crude carbolic acid is the following ; 
and it is known in the trade as Lowe’s method: Into an 8-oz. tubulated retori, 
having a neck about 15 inches long, 100 ¢.c. of the crude acid to be tested are placed. 


1 J.8.C.1., Vol. 39, No. 12, pp. 169T-172T. 
2 J.S.C.1., 1918, pp. 268T-272T. 
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No condenser is connected to the beak of the retort, and the distillation is so regulated 
that no vapours are given off, and the operation occupies about two hours. Clean, 
dry, graduated cylinders must be used for the collection of the distillates. Into the 
first receiver 10 c.c. of oil and all the water (which latter shall not exceed 15 ¢.c.) are 
collected. The next 62 c.c. are collected in the second receiver, well mixed, and 
cooled slowly to near the expected crystallising point. A small quantity of pure 
crystals is then added, and the cooling continued—stirring all the time. When the 
distillate is crystalline throughout, the thermometer (2 Fahrenheit graduated in 
one-tenths of a degree) is read ; and the figure indicated is taken as the crystallising 
point of the crude acid. It 1s often necessary to employ a cooling solution, and when 
this is the case care must be taken that the temperature of this solution is not more 
than 2° F. below that at which the sample is expected to crystallise. 

With low crystallising acids—e.g. 50’s and 45’s, etc.—the determination of the 
point at which the first crystals appear is, unfortunately, rather a tedious process, and 
with the object of rendering it easier and quicker, the author and his assistant! 
made numerous experiments with a modified method, with very encouraging 
results. Up to the collection of the 624 c.c. of acid in the second receiver, the process 
is identical with Lowe’s. The modification consists in just half-fillng a test tube 
5 inches long by 32-inch in diameter with the well-mixed distillate, cooling while 
stirring until the contents of the tube are crystalline throughout—adding a small 
erystal of pure acid, if necessary—removing from the cooling mixture, and stirring 
slowly, at a temperature of about 60° F., until all crystals disappear. This point 
is called the liquefying point ; and if 2-5 is deducted from the figure obtained, the 
erystallising point of the acid is found. This figure was arrived at by taking the 
average of fifty experiments, the highest difference being 3-0 and the lowest 2-2. 

A handy method for use in the works when making mixings is the following, 
and this method may be termed a short test : One hundred c.c. of the crude carbolic 
are distilled in an 8-oz. retort until all the water and 10 c.c. of the oil has come over. 
A further 20 c.c. of the tar acids are now collected in a perfectly dry cylinder, the 
crystallising point determined, as already explained under Lowe’s test, and from the 
figure obtained 8 is deducted, when the result will indicate approximately the actual 
crystallising point. Another short test is the following: Into a 3-bulb Laden- 
burg flask of 150 ¢.c. capacity, 80 c.c. of crude carbolic are placed. The flask is 
connected to a 12-inch Liebig condenser, the jacket of which is filled with water, but 
no flow is maintained. All the water is distilled off, and 8 c.c. of the oil. Then into 
another perfectly dry receiver 50 c.c. of the tar acids are distilled and the crystallising 
point taken. If the figure 1 is deducted from the result, the crystallising point 
obtained by the long test is found approximately. 

Tar Acids in Phenolate.—In order to control the working of the carbolic (and 
also the cresylic) plant, it is necessary to determine the amount of tar acids in the 
phenolate. This can be done rapidly by the following method: 100 c.c. of the 


1 “ Investigations on Coal Tar and some of its Products.” English Junior Gas 
Associations’ Joint Proceedings, 1911-1912, Sec. M., pp. 105-125. The Gas World, March 
2nd, 1912, p. 284. 
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phenolate are placed in a separating funnel and dilute B.O.V. (1:2) is added until 
the mixture is strongly acid to litmus paper. The lot is allowed to stand for a few 
minutes in order that the tar acids may separate completely, after which the sodium 
sulphate liquor is removed carefully and the volume of the tar acids measured. 


ESTIMATION OF CARBOLIC ACID IN CRUDE PHENOLS 


Mm. René Masse and Henri Leroux have presented to the French Academy of 
Sciences a note upon carbolic acid and the estimation of this in crude phenols from 
tar. The method still in use for the preparation of carbolic acid is that devised by 
Laurent in 1841, namely (1) Separation of phenols from creosote oils by shaking up 
with soda; (2) acidification to set free the crude phenols, and (3) the extraction of 
the carbolic acid by rectifications and crystallisations. Good crude phenol, free from 
naphthalene, contains water, carbolic acid, orthocresol, metacresol, paracresol, 
xylenels, and homologues, and phenolic tarry matters. The chemical properties of 
carbolic acid and the cresols are so nearly related that there is no simple reagent 
which can separate them; thus Koppeschaar’s bromine method will not work if 
both orthocresol and metacresol be present. The physical properties, on the other 
hand, do enable us to discriminate. The boiling-points of phenol (carbolic acid), 
orthocresol, metacresol,and paracresol at 760 mm. barometric pressure arerespectively 
183°, 190-8°, 202-8°, and 201-8°C.; those ofthe xylenols are 220° and 225°. By fraction- 
ally distilling the crude phenol up to 203°C., and then fractionally distilling the 
fraction obtained between 180°-203°C. up to 198°C. (as described in the next 
paragraph), we can find the quantity of carbolic acid in each of these fractions by 
determining their respective crystallising points. Commercial carbolic acid, called 
40° to 42°, has a melting or solidifying point slightly above 40° C.; commercially pure 
carbolic acid has a melting-point of 40-85°C. When we add cresols to pure carbolic 
acid the melting-point falls steadily, and that to very nearly the same extent what- 
ever be the relative proportions of the three cresols, so long as the cresols added do not 
exceed 33 per cent. of the whole. The melting-point of the mixture thus depends on 
the percentage of carbolic acid, and the curve of melting-points is a straight line 
joining the two points phenol 100 per cent., melting-point 40-85° C. and 66 per cent., 
21°C. This is the basis of the following working method : 

Three kilograms of crude phenol are put in a still with copper vessel of 4 hires 
and a Vigreux column of 24 inches. The distillation is maintained at 7 to 8 c.c. per 
minute, and the following fractions are taken: (a) up to 180° (=water and phenols) ; 
(6) 180° to 203° ; (c) above 203°, 100 c.c. only. To (a) add enough chloride of sodium 
(35 per cent.) to precipitate the phenols contained in it ; decant these phenols and 
add them to (b). Put (6) into a flask of sufficient size; wash out the vessels with 
liquid (c) and add this to (6). The liquid (6), with its additions, is now fractionally 
distilled at 4 ¢.c. per minute. The fractions taken are from 250 to 300 grams each, 
until the temperature of the vapours reaches 198°C. The solidification point of 
each fraction is then determined. A test-tube determination gives a rough indication ; 
but with 30 to 40 grams, allowed to cool slowly until supercooled by 1° or 2°, the 
addition of a trace of crystallised carbolic acid determines crystallisation and the 
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temperature goes up to the true melting-point. If in the test-tube trial the required 
temperature is below 21° C., add carbolic acid in known quantity sufficient to bring 
the percentage of carbolic acid above 66. 

This method enables the carbolic acid in a crude phenol to be estimated with n 
1 per cent., which is as near as could be expected with so complex 2, mixture as crude 
phenol. 

In a paper entitled “ The Determination of Phenols in Mixtures of Tar Acids,” 
W. H. Hoffert+ described a method which enables the phenol in any proportion in a 
mixture containing any or all of the three cresols to be directly determined, and the 
method depends on the fact that the lowering of the freezing-point of phenol 
hydrate by equal weighis of each of the three cresols is the same. 

H. M. Dawson and C. A. Mountford have published two long papers? dealing with 
the freezing-point of mixtures of phenol, o-cresol, m-cresol, and p-cresol, and the 
estimation of phenol and the three isomeric cresols in mixtures of these substances, 
the consulting of which will well repay the reader. 

In regard to the estimation of phenol in cresylic acid, the reader is referred to 
the excellent papers published by J. J. Fox and M. F. Barker in the Journal of the 
Society of Chemical Industry.? The second paper by these authors has appended to 
it a bibliography of the most important literature dealing with phenol and cresol 
estimations and separations. 

The student is recommended to study a paper entitled “‘ Notes on Carbolic 
Acid ; Application of Phenol Tests to Works Practice,” by George H. Sharples*. One 
section of this paper compares results obtained by the Weiss> method and Lowe’s 
method. Another section deals with a method of determining small quantities of 
phenol in crude cresylic acid. 

The reader is also referred to the following papers dealing with the determination 
of phenol in the presence of other phenols :— 


‘The Determination of Phenol in the presence of certain other Phenols,” by 
A. M. Chapin, J. Ind. Eng. Chem., 1920, 12, 771-775. This paper is abstracted in 
J.S.C.I., October 15th, 1920, page 652A. 

“The Determination of small quantities of Phenol in mixtures of Phenols,” by 
F. Fischer and P. K. Breuer, Ges. Abhandl. Kenntn. Kohle, 1918, 3, 82-88. Abstracted 
in J.S.C.L., April 15th, 1920, page 261A. 

“The Estimation of Phenol in the presence of the three Cresols,” by G. W. 
Knight, C. T. Lincoln, G. Formanek, and H. L. Follett. J. Ind. Eng. Chem., 1918, 
10, 9-18 ; abstracted inJ.S.CI., February 28th, 1918, page 85A. 

‘The Determination of Phenol in Crude Carbolic Acid and Coal Tar Oils,” by 
F. W. Skirrow, J. Ind. Eng. Chem., Moly 9, 1102-1106; abstracted in J.S.C.L., 
February 15th, 1918, page 51A. | 


1 J.S,C.L,, October 31st, 1922, pp. 334T-337T. 

2 J.C.S., 1918, No. 674, Trans., pp. 923-935, and pp. 935-944. 
Jeo Glee pest oman des Ole L918, pp. 260L=268 1. 
J.S.C.1., Vol. 37, No. 7, pp. 109T-113T. 
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ANTHRACENE TESTS 


Crude and refined anthracenes are tested for the percentage of actual anthracene 
by what is known as Hochst test. The following materials are required : Chromic 
acid solution.—This is made by dissolving 150 grams of chromic acid (CrO;) and 
100 c.c. of glacial acetic acid in 100 c.c. of distilled water. Fuming Sulphuric Acid 
Mixture.—This is prepared by mixing equal parts of pure sulphuric acid of a specific 
sravity of 1-84 and Nordhausen sulphuric acid of a specific gravity of 1-92. 

The test is carried out as follows : One gram of the sample is placed in a 500 c.c. 
boiling flask, and to it is added 45 c.c. of glacial acetic acid. The flask is connected 
to an air-cooled reflux condenser, and then placed on a sand-bath and the contents 
boiled until the anthracene is dissolved. In the meantime 35 c.c. of the chromic 
acid mixture are placed in a dropping funnel, the stem of which is inserted into the 
top of the reflux condenser. As soon as the anthracene is dissolved in the acetic 
acid, the chromic acid mixture is allowed to drop into the solution at such a rate 
that it will take two hours for the whole of it to run out of the dropping funnel. After 
all the chromic acid solution is in, the mixture is boiled for a further two hours and 
then allowed to stand for twelve hours. Itis then diluted with 400 c.c. of cold distilled 
water and allowed to remain at rest for a further hour, after which it is filtered 
through a hardened filter paper and washed with (a) 200c.c. of cold distilled water, 
(b) 200 c.c. of boiling dilute caustic potash solution (1: 1,000 water), and (d) 300 c.c. 
of boiling distilled water. The precipitate is now washed into a tared porcelain basin, 
dried on a water-bath, and finally in a steam oven at 100° C., and then weighed. 

The weight obtained gives a figure which when multiplied by 85-6 is recorded as 
the common test. 

To the material in the basin is now added 10 grams of the fuming sulphuric 
acid mixture, after which it is heated on a water-bath at 100° C., for 10 minutes. 
I¢ is then stood in a damp place for 12 hours and then diluted with 200 c.c. of cold 
water, after which it is filtered through a hardened filter paper and washed with 
boiling water, soda, and boiling water, as before. The precipitate of quinone is then 
washed into a tared platinum dish, dried in a steam oven at 100° C., and weighed. 
After weighing, the basin and its contents are gently heated in order to volatilise 
the quinone, and when cold the basin and ash are reweighed. The difference between 
the first and the second weighings gives the weight of anthraquinone, and this multi- 
plied by 85-58 will give the percentage of actual anthracene in the sample. 

Material Insoluble in Benzole (Sand, Dirt, etc.).—Five grams of anthracene are 
transferred to a previously weighed extraction thimble, placed in a Soxhlet extraction 
apparatus and extracted with benzole in the usual way until the benzole leaves the 
apparatus colourless. The thimble is then removed, freed from benzole in a steam 
oven, cooled, and weighed. The increase in weight of the thimble indicates insoluble 
matter. It is necessary, of course, to cover the extraction thimble with a piece of 
filter paper, the edges of which may be bound with platinum wire, or else use a plug 
of cotton-wool. 

Paraffin in Anthracene.—This may be estimated as follows: 10 grams of the 
sample are weighed into a large beaker and to it are added 108 ¢.c. of concentrated 
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sulphuric acid. The mixture is heated on the water-bath until all the anthracene 
is dissolved, then it is cooled and poured into 400 c.c. of cold water contained in a 1,000 
c.c. separating funnel. The mixture is allowed to cool and is then extracted twice 
with light petroleum ether (dry at 75° C.). The petroleum ether extracts are bulked 
and washed in a.separating funnel, first with half its bulk of 5° Tw. caustic soda, and 
then four times with one-eighth of its bulk of cold concentrated sulphuric acid, and 
after this with cold waver until free from acid. It is then allowed to settle, any water 
which separates removed, and then transferred to a tared flask, and the ether dis- 
tilled off and the residue weighed. 

H. F. Lewis! suggests a method for the separation of anthraquinone from 
anthracene and phenanthraquinone which consists in boiling a mixture with 5 per 
cent. sodium hydrozide solution and zinc dust, using an excess of these materials ; 
the anthraquinone is reduced to oxanthranol and this substance goes into solution. 
Afier the reaction is over the mixture is filtered, and any insoluble portion submitted 
to further treatment with caustic soda and zinc dust. The total filtrate is shaken with 
air, when the oxanthranol is re-oxidised to anthraquinone, which is collected, dried 
and weighed. 


DETERMINATION OF CARBAZOLE IN ANTHRACENE SALTS 


The following process, a modification of the Kjeldahl method, is suggested by 
J. M. Clark,? and is said to give good results. A mixture of 0-5 gram of the material 
to be examined with 30 c.c. of strong sulphuric acid and 0-7 gram of mercuric oxide 
is digested for one hour over a low flame. The reaction mixture is then cooled, and, 
after the addition of 10 grams of potassium bi-sulphate, boiled until clear. The clear 
liquid is then cooled to 35° C., diluted with 200 c.c. of distilled water, and transferred 
to the usual distillation flask. Ten grams of sodium thiosulphate is now added, and 
when dissolved the mixture is made strongly alkaline and distilled. The distillate 
is collected and titrated in the usual way, and the amount of ammonia found 
calculated into carbazole. 

NAPHTHALENE 


Intermediate manufacturers now require commercially pure naphthalene to be 
almost chemically pure. It must be pure white, volatilise completely, melt between 
79:3° and 79-8° C., and boil between 217° and 218°C. Phenols and quinoline bases 
must be absent. The former are tested for by boiling two grams with 30 c.c. of a 5 per 
cent. aqueous solution of caustic soda, cooling, filtering, and to the filtrate adding a few 
c.c. of bromine water and enough hydrochloric acid to produce an acid reaction. 
Any phenols present will be precipitated as bromo-phenols. Quinoline bases are 
found, if present, by dissolving about 5 grams of the naphthalene in concentrated 
sulphuric acid using the water-bath, cooling, pouring the solution into water, filtering 
off any separated naphthalene, making the filtrate alkaline and then submitting it 
to steam distillation, when quinoline bases will come over with the aqueous distillate 
and can be recognised by their smell. When dissolved in concentrated sulphuric acid 


1 Jour. Ind. Chem., 1918, 10, 425-426. See also J.S.C.J., August 31st, 1918, p. 459A. 
2 Jour. Ind. Eng. Chem., 1919, 11, 209. 
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and heated to 180°C. commercially pure naphthalene must not become darkin colour. 
If 15 grams of the naphthalene are dissolved in 6 grams of chemically pure sulphuric 
acid with gentle heat (water-bath) it should produce a clear solution of a pale pink 
colour, and if this solution is heated to 180° C., 10 should not change to more than a 
light brown in colour. | 


EXAMINATION OF Caustic Liquors, SPENT Liquors, AND LimE Mup IN CONNECTION 
WITH THE CO, PRrocEess FoR MANUFACTURING TAR ACIDS 


Spent Inquors.—It is essential that the causticised spent liquors be kept up to 
a standard strength as regards the percentage of actual caustic soda, and owing to the 
fact that impurities, sometimes to a moderately large extent, are always present in 
these liquors, it is not possible to control the strength with any degree of accuracy 
by the use of a hydrometer. It is necessary, therefore, to titrate the spent liquor 
with a standard acid solution for the amount of alkali present (calculated to sodium 
carbonate, Na,CO;), and then to add an amount of soda ash to the bulk of spent 
liquor in the causticisers to bring up the strength to the normal. The best results 
seem to be obtained by causticising spent liquor which contains 10 grams of Na,CO, 
per 100c.c. The author advises tarworks chemists who have control of a CO, plant 
for tar-acid recovery to work out a table for themselves, showing the-amount of 
soda ash required for each causticiser as indicated from the resulis obtained from his 
analysis, allowing, of course, for the impurities in the soda ash used. For instance, 
assuming the spent liquor on analysis showed 9-8 grams of sodium carbonate per 
100 c.c., then the material in the causticiser would require approximately 2-8 tbs. of 
soda ash (58 per cent. alkali) for every 100 gallons. The titration is carried out in 
the usual manner, but the liquor, as it 1s generally very dark, must be well diluted, 
and an indicator such as lacmoid or cochineal should be used. 

Estimation of Caustic Soda in Inme Mud.—This may be rapidly estimated with 
a fair degree of accuracy by the following method : 20 grams of the mud are weighed 
in a 250 ¢.c. beaker and 100 c.c. of hot water poured on top of it. A gentle stream of 
carbonic acid is passed into the mixture for about 10 minutes, after which it is boiled, 
filtered, and the precipitate washed, the filtrate and washings being run into a 
200 c.c. measuring flask. The contents of this flask are allowed to cool to 60° F. and 
then made up to 200 c.c. with distilled water and well mixed. An aliquot portion 
(say, 25 c.c.) 1s then removed by means of a pipette and titrated in the usual 
fashion, calculating to NaOH. 

Estumation of Actual Caustic Soda in a Dark-coloured Causticised Spent Liquor.— 
As the causticised spent liquor is always very dark in colour, it is not possible to 
estimate the amount of caustic soda in the presence of carbonate by the method of 
double titration, which is used in the case of commercial caustic sodas. The following 
method gives very satisfactory results : 50 ¢.c. of the dark-coloured liquor (free from 
lime precipitate) are brought up to a temperature of 100°C, Barium chloride 
solution at a temperature of 95° to 100° C. is now added until no more precipitate 
forms. The lot is filtered while hot into a 250 c.c. measuring flask, the precipitate 
and filter paper washed with a little boiling water, and when cold the filtrate and 
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washings are made up to the mark with distilled water, and an aliquot portion taken 
and titrated for caustic soda in the usual fashion. 


TESTING THE COKE FuRNACE GASES FOR USE IN THE CO, 
Tar Acid PROCESS 


It is advisable that frequent tests of the gases be made as they leave the coke 
furnace, in order to control the efficient working of the CO, tar acid plant. The most 
convenient apparatus to use for this purpose is the Orsat. The manipulation of this 
apparatus is so simple that an intelligent works plant man may be taught how to 
use 1¢ satisfactorily in a very short time. It is advisable to estimate the carbon 
dioxide, oxygen, and carbon monoxide in each examination. 

Coke.—The deliveries of this material should be examined for the amount of 
water, ash, and sulphur, and sampling before analysis must be carried out with care 
by one of the approved methods. To estimate the water, 20 grams of the ground 
coke are heated in an air oven to a temperature of 110° C. until of constant weight. 
The ash is determined by burning off 2 grams of the coke in a platinum dish and 
weighing the residue. Sulphur in coke may be estimated by Stock’s method, which 
is as follows: 1 gram of coke in fine powder is mixed in a round-bottomed, 
platinum capsule with approximately 1 gram of half-hydrated caustic lime, 
moistened with water (1 ¢.c.), rapidly dried, and then heated in a muffle to bright 
redness until all carbon has disappeared. The mass is allowed to cool, transferred 
to a beaker, 20 c.c. of cold distilled water and 5 c.c. of bromine water added, and 
then 74 c.c. of pure strong HCl, after which the lot is boiled for 5 minutes. The 
contents of the beaker are then passed through a filter paper (filtrate must be bright), 
the beaker and the filter being well washed and the washings added to the filtrate. 
The filtrate and washings are then boiled, and whilst boiling 10 c.c. of a 5 per cent. 
solution of barium chloride is added, after which the boiling is continued for half an 
hour. The precipitated barium sulphate is filtered off and weighed in the usual 
manner and the amount calculated into sulphur. — 

Half-hydrated lime is made thus: Calcine a quantity of marble and divide the 
powder into two portions. To one of these add exactly the weight of water necessary 
to form Ca(OH), and then mix with the other half. 
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The following is a copy of a form issued by the Home Office, which should be mounted 
and hung in a prominent position in all tar distilleries :— 


Form 939. 
September, 1910. 


FACTORY AND WORKSHOP ACT, 1901 


TaR DISTILLING 


The following directions are approved by the Home Office, and are applicable to factories 
in which is carried on the distillation of tar for the production of naphtha, light oil, 
creosote oil, and pitch. 

Fencing 
1. All uncovered tar reservoirs, wells and tanks, unless constructed so as to be at 
least three feet in height above the ground or platform, should be securely fenced, with 
either a brick wall or double rails, to the height of three feet. 


Cleaning 


2. During the process of cleaning, every tar still should be completely isolated from 
adjoining tar stills either by disconnecting the pipe leading from the swan neck to the 
condenser worm, or by disconnecting the waste gaspipe fixed to the worm end or receiver. 
Blank flanges should be inserted between the disconnections. In addition, the pit dis- 
charge pipe or cock at the bottom of the still should be disconnected. 

Ventilation 

3. Every tar still should be ventilated and allowed to cool before persons are allowed 
to enter. 

Inspection 

4. Every tar still should be inspected by the Foreman or other responsible person 
before any workman is allowed to enter. 

5. The inspecting Foreman on first entering any tar still or tank, and all persons 
employed in tar stills or tanks in which there are no cross stays or obstructions likely to 
cause entanglement, should be provided with a belt securely fastened round the body 
with a rope attached, the free end being left with two men outside whose sole duty should 
be to watch and draw out any person appearing to be affected by gas. The belt and 
rope should be adjusted and worn in such a manner that the wearer can be drawn up 
head foremost and through the manhole and not across it. 


Remedy for Gassing 


6. A bottle of compressed oxygen, with mouthpiece, should be kept at all times 
ready for use; and printed instructions as to the use of this bottle, and the method to be 
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employed for resuscitation by means of artificial respiration, should be kept constantly 
affixed. A draft of such instructions is appended. 


Respirators 
7. A supply of suitable chemical respirators properly charged and in good condition 
should be kept ready for use in case of emergency arising from sulphuretted hydrogen 
or certain poisonous gases. (Granules of carbon saturated with a solution of caustic soda 
readily absorb sulphuretted hydrogen and may be used for charging respirators.) 


eit 
8. The use of naked lights should be strictly prohibited in any portion of the works 
where gas of an inflammable nature is liable to be given off. 


Safety- Valve 


9. Each still should be provided with a proper safety-valve, which should at all times 
be kept in efficient working condition. 
B. A. WHITELEGGE, 
Chief Inspector of Factories. 
HoME OFFICE, 
December, 1909. 


GASSING 


Symproms.—The first symptoms are giddiness, weakness in the legs, and palpitation 
of the heart. If aman feels these he should at once move into fresh warm air, when he 
will quickly recover if slightly affected. He should avoid exposure to cold. He should 
not walk home too soon after recovery ; any exertion is harmful. 





DIAGRAM 1. DIAGRAM 2. 


First Aip.—Remove the patient into fresh warm air. Send for the oxygen apparatus. 
Send for a doctor. Begin artificial breathing at once if the patient is insensible and 
continue it for at least half an hour, or until natural breathing returns. Give oxygen* 
at the same time and continue it after natural breathing returns. 

ARTIFICIAL BREATHING (Schafer Method).—Place the patient face downwards as 
shown in the diagrams. 

Kneel at the side of the patient and place your hands flat in the small of his back 
with thumbs nearly touching, and the fingers spread out on each side of the body over 
the lowest ribs (see Diagram 1). 

Then promote artificial breathing by leaning forward over the patient and, without 
violence, produce a firm, steady, downward pressure (see Diagram 2). Next release all 
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pressure by swinging your body backwards without lifting your hands from the patient 
(see Diagram 1). 

Repeat this pressure and relaxation of pressure without any marked pause between 
the movements, about 15 times a minute, until breathing is established. 

*UsE OF OxyGEN CyLINDER.—Open the valve gradually by tapping the lever key 
(which must first be extended to its full length) with the wrist, until the oxygen flows 
in a gentle stream from the mouthpiece into the patient’s mouth. The lips should not 
be closed round the mouthpiece. The nostrils should be closed during breathing in, and 
opened during breathing out. 

If the teeth are set, close the lips and one nostril. Let the conical end of the 
mouth-piece slightly enter the other nostril during breathing in, and remove it for 
breathing out. 

The following are reproductions of the latest forms which should find place in tar dis- 
tilleries and most gas works under the Factory and Workshop Act of 1901-20. 


Form 984. 


July, 1922. 
[form prescribed by the Secretary of State. 


FACTORY AND WORKSHOP ACT, 1901 To 1920 
CHEMICAL WORKS REGULATIONS, 1922 


MADE BY THE SECRETARY OF STATE UNDER SECTION 79 OF THE FACTORY 
AND WORKSHOP ACT, 1901 


In pursuance of Section 79 of the Factory and Workshop Act, 1901, I hereby make 
the following Regulations and direct that they shall apply to the manufactures and 
processes incidental thereto carried on in chemical works as hereinafter defined. 

Provided that nothing in these Regulations shall apply to (a) the manufacture of 
certain compounds of lead, namely, any carbonate, sulphate, nitrate, or acetate of lead ; 
(b) the manufacture of red or orange lead or of flaked litharge ; (c) the manufacture and 
necessary purification of coal gas, water gas, and producer gas for lighting, heating, and 
power purposes; (d) the process of textile printing, bleaching, dyeing, mercerising, 
tanning and brewing; (e) the distillation of alcohol, of wood (except where acetic acid 
is isolated or manufactured), and of shale in the manufacture of crude shale oil; (f) 
processes carried on by way of experiment. 

Regulations 2 (b) and 12, and, so far as concerns the processes of grinding or crushing 
caustic by machinery or packing ground caustic, making or packing of bleaching powder, 
distillation of gas or coal tar or any process in chemical manufacture in which gas or coal 
tar is used, the refining of crude shale oil and the manipulation of pitch, Regulations 
26, 27, and 28 shall not come into force till Ist April, 1923, or such later date or dates 
as the Secretary of State may appoint, but save as aforesaid, all the Regulations shall 
take effect on 1st October, 1922. From that date the Regulations dated 30th December, 
1908, for the manufacture of nitro and amido derivatives of benzene, and the Regulations 
dated 9th August, 1913, for the manufacture of chromate and bichromate of potassium 
or sodium shall be revoked. 

These Regulations may be cited as the Chemical Works Regulations, 1922. 
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1Definitions 
In these Regulations :— 


Chemical works means any works or such parts of any works as are named in 
the Schedule of this Order. 

Bleaching powder means the bleaching powder commonly called chloride of lime. 

Chlorate means chlorate or perchlorate. 

Caustic means hydroxide of potassium or sodium. 

Caustic pot means a metal pot fixed over a furnace or flue and surrounded by 
brickwork, such as is commonly used for concentrating caustic liquor, whether 
such pot be used for concentrating or boiling caustic or other liquor. 

Chrome process means the manufacture of chromate or bichromate of potassium 
or sodium, or the manipulation, movement or other treatment of these substances 
in connection with their manufacture. 

Nitro or amido process means the manufacture of nitro or amido derivatives 
of phenol and of benzene or its homologues, and the making of explosives with the 
use of any of these substances. 

Breathing apparatus means (1) a helmet or face-piece with necessary connections 
by means of which a person using it in a poisonous, asphyxiating, or irritant atmo- 
sphere breathes ordinary air, or (2) any other suitable apparatus approved in 
writing by the Chief Inspector of Factories. 

Infe-belt means a belt made of leather or other suitable material which can be 
securely fastened round the body, with a suitable length of rope attached to it, 
each of which is sufficiently strong to sustain the weight of a man. 

Efficient exhaust draught means localised ventilation effected by mechanical or 
other means for the removal of gas, vapour, fume, or dust, which prevents it from 
escaping into the air of any place in which work is carried on.? 

Surgeon means the Certifying Factory Surgeon of the District, or a duly qualified 
medical practitioner appointed by written certificate of the Chief Inspector of 
Factories, which appointment shall be subject to such conditions as may be speci- 
fied in that certificate. 

Suspension means suspension by written certificate in the Health Register, 
signed by the Surgeon, from employment in any process mentioned in the certificate. 


Exceptions 


Where it is proved to the satisfaction of the Chief Inspector of Factories that by 
reason of exceptional circumstances in any works subject to these Regulations, or by 
reason of the infrequency of the process, or for other reasons, all or any of the require- 
ments of the Regulations are not necessary for the protection of persons employed in 
such works, he may by certificate in writing (which he may in his discretion revoke) 
exempt such works from all or any of the provisions of the same, subject to such conditions 
as he may by such certificate prescribe. 

Duties 
It shall be the duty of the occupier to comply with these Regulations, and it shall 


be the duty of all agents, foremen, and persons employed to conduct their work in 
accordance with these Regulations. 


+ Terms to which defined meanings are given are printed throughout in italics. 
* Care must be taken that the means provided do not cause a contravention of the provisions of 
the Alkali, etc., Works Regulation Act 1906. (6 Edw. 7. ¢. 14.) 


APPENDIX | 481 


PART I 
APPLYING TO ALL CHEMICAL WoRKS 


1. With regard to every fixed vessel, whether pot, pan, vat, or other structure, con- 
taining any dangerous material, and not so covered as to eliminate all reasonable risk 
of accidental immersion of any portion of the body of a person employed :— 


(a) Each such vessel shall, unless its edge is at least 3 feet above the adjoining 
ground or platform, be securely fenced to a height of at least 3 feet above 
such adjoining ground or platform. 

(6) No plank or gangway shall be placed across or inside any such vessel unless 
such plank or gangway is— 

(i) at least 18 inches wide ; and 
(ii) securely fenced on both sides; either by upper and lower rails, to a 
height of 3 feet, or by other equally efficient means. 

(c) Where such vessels adjoin, and the space between them, clear of any sur- 

rounding brick or other work, is either 
(i) less than 18 inches in width, or 
(11) 1s 18 or more inches in width, but is not securely fenced on both sides 
to a height of at least 3 feet, 
secure barriers shall be so placed as to prevent passage between them. 


Provided that paragraph (a) of this Regulation shall not apply to that part of the 
sides of brine evaporating pans at which raking, drawing or filling is carried on, or to 
saturators used in the manufacture of sulphate of ammonia. 

2. The following processes shall not be carried on except under an efficient exhaust 
draught :— 

(a) drawing a charge from a salt cake furnace ; 

(6) slaking of lime for use in a chemical process except when it is carried on in 
the open air or by means of an enclosed mechanical or other appliance so 
constructed as to prevent the escape of steam or dust into the air of any 
place in which any person is employed ; 

(c) any process involving action of acid or alkali on metal whereby there is 
a liability to the evolution of arseniuretted hydrogen. 


3. All mills and screens for grinding and screening anhydrous lime, and all mechanica 
conveyors used in connection therewith, shall be so enclosed as to prevent the escape of 
dust. 

4.—(a) All places in which persons are employed and all means of access thereto 
shall be sufficiently lighted by day and by night. 

(b) No electric arc lamp, or naked light, fixed or portable, shall be used, and no 
person shall have in his possession any lucifer match or any apparatus of any kind for 
producing a naked light, or spark in, on, or about any part of the works where there is 
liability to explosion from inflammable gas, vapour or dust, and all incandescent electric 
lights in such parts shall be in double air-tight glass covers. 

(c) Stoves shall not be used for the artificial heating of places in which there is danger 
of ignition of gas, vapour, or dust ; if steam pipes or radiators are used for this purpose 
they shall be placed so that there is a space of not less than two inches between them 
and the wall, and shall be protected by a wire screen. 

(d) A prominent notice, legible by day and by night, prohibiting smoking or the 
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use of naked lights, and the carrying of matches, or any apparatus for producing a naked 
light or spark, shall be affixed at the entrance of every room or place in which there is 
liability to explosion from inflammable gas, vapour, or dust. 

5. Every still and evety closed vessel in which gas is evolved or into which gas is 
passed, and in which the pressure is liable to rise to a dangerous degree, shall have attached 
to it, and maintained in proper condition, a proper safety-valve or other equally efficient 
means to relieve the pressure. 

Nothing in this Regulation shall apply to metal bottles or cylinders used for the 
transport of compressed gases. 

6. There shall be provided in every works where dangerous gas or fume is liable to 
escape a sufficient supply of :— 

(a) Breathing apparatus. 
(6) Oxygen and suitable means for its administration. 


(c) Iafe-belts. 


The breathing apparatus and other appliances required by this Regulation shall be 
maintained in good order and kept in an ambulance room or in some other place approved 
in writing by the District Inspector of Factories, which shall be conveniently situated. 
In every such room or place and wherever required in writing by the District Inspector 
of Factories there shall be affixed the official cautionary notice regarding gassing 
and burns. 

Such apparatus and appliances shall be inspected once every month by a competent 
person, conversant with their use, appointed by the occupier, and a record of their con- 
dition shall be entered in a book provided for that purpose, which shall be produced 
when required by an Inspector. 

7. Before any person enters, for any purpose except that of rescue, any absorber, 
boiler, culvert, drain, flue, gas purifier, sewer, still, tank, tower, vitriol chamber, or other 
place where there is reason to apprehend the presence of dangerous gas or fume, a respon- 
sible person appointed by the occupier for the purpose shall personally examine such place 
and shall certify in writing in a book to be kept for the purpose either that such place is 
isolated and sealed from every source of such gas or fume and js free from danger, or that 
it is not so isolated and sealed and free from danger. No person shall enter any such place 
which is certified not to be so isolated and sealed and free from danger unless he is wearing 
a breathing apparatus, and (where there are no cross-stays or obstructions likely to cause 
entanglement) a life-belt, the free end of the rope attached to which shall be left with a 
man outside, whose sole duty shall be to keep watch and to draw out the wearer if he 
appears to be affected by gas or fume. The belt and rope shall be so adjusted and worn 
that the wearer can be drawn up head foremost through any manhole or opening. 

8. No person shall enter any place mentioned in Regulation 7 for the purpose of 
rescue unless he is wearing a breathing apparatus and a life-belt in the manner specified 1n 
that Regulation. 

9. A sufficient supply of non-metallic spades, scrapers and pails shall be provided 
for the use of persons employed in cleaning out or removing the residues from any chamber, 
still, tank, or other vessel which has contained sulphuric or hydrochloric acid or other 
substance which may cause evolution of arseniuretted hydrogen. 

10. In all places where strong acids or dangerous corrosive liquids are used— 

(a) there shall be provided, for use in case of emergency :— 


(1) Adequate and readily accessible means of drenching with cold water 
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persons, and the clothing of persons, who have become splashed with 
such liquid ; 

(ii) A sufficient number of eye-wash bottles, filled with distilled water or other 
suitable liquid, kept in boxes or cupboards conveniently situated and clearly 
indicated by a distinctive sign which shall be visible at all times. 

(b) Except where the manipulation of such acids and liquids is so carried on 
as to prevent risk of personal injury from splashing or otherwise, there 
shall be provided for those who have to manipulate such acids or liquids, 
sufficient and suitable goggles and gloves or other suitable protection for 
the eyes and hands. If gloves are provided they shall be collected, examined 
and cleaned at the close of the day’s work and shall be repaired or renewed 
when necessary. 

(c) There shall be kept affixed the official cautionary notice regarding gassing 
and burns. 


11. There shall be provided in readily accessible positions a sufficient number of 
*“ First Aid ”’ boxes or cupboards. 

Hach “ First Aid” box or cupboard shall be distinctively marked, and if newly 
provided after the date of these Regulations shall be marked plainly with a white cross 
on a red ground, and shall contain, besides any other medical appliances or requisites :— 


(i) A supply of suitable sterilised dressings for fingers, hands, feet, or other 
injured parts. 

(11) A supply of sterilised cotton-wool. 

(i) A supply of sterilised burn dressings (large and small). 

(iv) Plaster—waterproofed on the outside. 

(v) Ointment, a 2 per cent. alcoholic solution of iodine and a bottle of sal volatile. 

(vi) A copy of the First Aid leaflet issued by the Factory Department of the 
Home Office. 


Nothing except appliances or requisites for First Aid shall be kept in a “ First Aid ” 
box or cupboard. 

Hach “ First Aid ” box shall be kept stocked and in good order, and shall be placed 
in the charge of a responsible person, who shall always be readily available during working 
hours. 

A notice or notices shall be affixed in every workplace stating the name of the person 
in charge of the “ First Aid ” box or cupboard provided in respect of that place. 

12. There shall be provided and maintained in good order in every works in which 
the total number of persons employed in the processes to which these Regulations apply 
at any one time is 250 or more, an Ambulance room. 

The Ambulance room shall be a separate room used only for the purpose of treatment 
and rest. It shall have a floor space of not less than 100 square feet and smooth, hard and 
impervious walls and floor, and shall be provided with ample means of natural and artificial 
lighting. It shall contain at least :— 

(i) A glazed sink with hot and cold water always available. 
) A table with a smooth top. 
(i111) Means for sterilising instruments. 
(iv) A supply of suitable dressings, bandages and splints. 
) 
) 


A couch. 
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Where persons of both sexes are employed, arrangements shall be made at the 
Ambulance room for their separate treatment. 

The Ambulance room shall be placed under the charge of a qualified nurse, or other 
person trained in First Aid, who shall always be readily available during working hours 
and shall keep a record of all cases of accidents or sickness treated in the room. 

18. At every works there shall be provided and maintained in good condition a 
suitably constructed ambulance carriage, for the purpose of the removal of serious cases 
of accident or sickness, unless arrangements have been made for obtaining such a carriage 
when required from a hospital or other place in telephonic communication with the 
works. 

14, Arrangements shall be made to the satisfaction of the Chief Inspector of Factories 
for the effective training and practising of a sufficient number of persons in the use of 
the appliances required by Regulation 6 and in administering First Aid. 

15, There shall be provided for all female persons employed whose work is done 
standing, facilities for sitting, so as to enable them to take advantage of any opportunities 
for resting which may occur in the course of their employment. 

16. There shall be provided and maintained at suitable points, conveniently accessible 
at all times to all persons employed :— 


(a) An adequate supply of wholesome drinking water from a public main 
or from some other source: of supply approved in writing by the local 
authority of the district in which the factory is situated, which shall be 
either laid on, or contained in.a suitable vessel ; 

(b) (except where the water is delivered in an upward jet from which the workers 
can conveniently drink) at least one suitable cup or drinking vessel at each 
point of supply, with facilities for rinsing it in drinking water. 


Kach drinking water supply shall be clearly marked “ Drinking Water.” 

All practicable steps shall be taken to preserve the water and vessels from con- 
tamination. 

17. (1) Every person employed shall— 


(a) report to his foreman any defect in any fencing, breathing apparatus, ap- 
pliance or other requisite provided in pursuance of these Regulations, as 
soon as he becomes aware of such defect ; 

(>) use the articles, appliances or accommodation required by these Regulations 
for the purpose for which they are provided ; 

(c) wear the breathing apparatus and life-belt where required under Regulations 
7 and &. 

(2) No person shall— 

(a) remove any fencing provided in pursuance of Regulation 1 unless duly 
authorised ; or 

(>) stand on the edge or on the side of any vessel to which Regulation 1 applies ; 

(c) pass or attempt to pass any barrier erected in pursuance of Regulation | (c) ; 

(d) place across or inside any vessel to which Regulation 1 applies any plank 
or gangway which does not comply with Regulation 1 (b), or make use 
of any such plank or gangway while in such position ; 

(e) take a naked light or any lamp or matches or any apparatus for producing 
a naked light or spark into, or smoke in, any part of the works where there 
is liability to explosion from inflammable gas, vapour or dust ; 
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(f) use a metal spade, scraper or pail when cleaning out or removing the residues 
from any chamber, still, tank, or other vessel which has contained sulphuric 
acid or hydrochloric acid or other substance which may cause evolution 
of arseniuretted hydrogen ; 

(g) remove from a First Aid box or cupboard or from the Ambulance room 
any First Aid appliance or dressing except for the treatment of injuries 
in the works. ) 


PA RDSLL 
APPLYING TO WORKS OR PARTS THEREOF IN WHICH— 


I. Caustic pots are used ; or 
II. Chlorate or bleaching powder is manufactured ; or 
IiI.—(a) Gas tar or coal tar is distilled or is used in any process of chemical manu- 
facture ; or 
(b) A nitro or amido process is carried on ; or 
(c) A chrome process is carried on ; or 
IV. Crude shale oil is refined or processes incidental thereto are carried on ; or 
V. Nitric acid is used in the manufacture of nitro compounds, 


18. Every caustic pot shall be of such construction that there shall be no foothold 
on the top or sides of the brickwork or flues ; and the edge of every such pot constructed, 
rebuilt or replaced after these Regulations come into force shall be at least 3 feet in 
height above the adjoining ground or platform. 

19. Before any person enters a gas tar or coal tar still for any purpose except that 
of rescue, it shall be completely isolated from adjoining tar stills, either by disconnecting— 


(a) the pipe leading from the swan neck to the condenser worm, or 
(6) the waste gas pipe fixed to the worm end or receiver ; and 


in addition, blank flanges shall be inserted between the disconnected parts, and the pitch 
discharge pipe or cock at the bottom of the still shall be disconnected. 

20. No person shall enter a chamber for the purpose of withdrawing the charge of 
bleaching powder unless and until 


(1) The chamber is efficiently ventilated, and 
(ii) The air in the chamber has been tested and found to contain not more 
than 2-5 grains of free chlorine gas per cubic foot. 
A register containing details of all such tests shall be kept in a form 
approved by the Chief Inspector of Factories. 


21. In a mtro or amido process :— 


(a) If crystallised substances are broken or any liquor agitated by hand, means 
shall be taken to prevent, as far as practicable, the escape of dust or fume 
into the air of any place in which any person is employed. The handles 
of all implements used in the operations shall be cleansed daily. 

(6) Cartridges shall not be filled by hand except by means of a suitable scoop. 

(c) Every drying stove shall be efficiently ventilated to the outside air in such 
a manner that hot air from the stove shall not be drawn into any workroom. 

(d) No person shall enter a stove to remove the contents until a free current of 
air has been passed through it. 
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(ec) Every vessel containing nitro or amido derivatives of phenol or of benzene 
or its homologues shall, if steam is passed into or around it, or if the temp- 
erature of the contents be at or above the temperature of boiling water, 
be covered in such a way that steam or vapour shall be discharged into 
the open air at a height of not less than 25 feet from the ground or the 
working platform, and at a point where it cannot be blown back again into 
the workroom. 

(f) In every room in which dust is generated or fume is evolved an efficient 
exhaust draught shall be provided. 


—(a 
(b 
(i) Grinding or crushing of caustic ; 
1 


) 

(ii) Packing of ground caustic ; 
) 
) 


) Every machine used for grinding or crushing caustic shall be enclosed, and 
) Where any of the following processes are carried on :— 


(iii) Grinding, sieving, evaporating or packing in a chrome process ; 
(iv) Crushing grinding or mixing of material or cartridge filling in a nitro or 
amido process ; 
an efficient exhaust draught shall be provided. 


23.—(a) Chlorate shall not be crystallised, ground or packed except in a room or 
place not used for any other purpose, the floor of which room or place shall be of cement 
or other smooth, impervious and incombustible material, and shall be thoroughly cleansed 
daily. 

: (6 Wooden vessels shall not be used for the crystallisation of chlorate, or to con- 
tain crystallised or ground chlorate ; provided that this Regulation shall not 
prohibit the packing of chlorate for sale into wooden casks or other wooden 
vessels. 


24, No person under 18 years of age shall be employed in a chrome process or in a 
nitro or amido process. 

25.—(a) There shall be provided and maintained for the use of all persons employed 
in :— 

(i) A metro or amido process, sufficient and suitable overalls or suits of working 
clothes and sufficient and suitable protective footwear ; } 

(ii) grinding raw materials in a chrome process, sufficient and suitable overall 
suits ; 

(iii) the crystal department and in packing in a chrome process, sufficient and 
suitable protective coverings ; 

(iv) packing in a chrome process, sufficient and suitable respirators ; 

(v) any room or place in which chlorate is crystallised, ground or packed, 
clothing of woollen material and boots or overshoes, the soles of which shall 
have no metal on them; 

(vi) any room or place in which caustic is ground or crushed by machinery, 
sufficient and suitable goggles and gloves, or other suitable protection for 
the eyes and hands; 

(vil) bleaching powder chambers, or in packing charges drawn from such cham- 
bers, a supply of flannel or other suitable respirators. 

(>) (a) The overalls or suits of working clothes required to be provided by 


1 In those places to which the Explosives Act, 1875 (38-9 V. c. 17), applies, the provision made 
must conform to the requirements of that Act. 
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(a) (1) and (11) of this Regulation shall be washed, cleansed or renewed 
at least once every week ; 

(1) the filtering material of the respirators required to be provided by (a) 
(iv) of this Regulation shall be washed or renewed daily ; 

(11) the wocllen clothing required to be provided by (a) (v) of this Regulation 
shall not be removed from the works for any purpose, but shall be 
washed daily after use and thoroughly dried before being worn again ; 
all such clothing when worn out shall be destroyed ; 

(iv) if gloves are provided to comply with (a) (vi) of this Regulation, they shall 
be collected, examined and cleaned at the close of the day’s work, and 
shall be repaired or renewed when necessary. 


26. There shall be provided and maintained for the use of all persons for whom 
overalls or suits of working clothes are required to be provided under Regulation 
25 (a) :— | ; 

(a) A suitable cloakroom for clothing put off during working hours, with 
adequate arrangements for drying the clothing if wet ; and 

(b) a suitable place, or places, separate from the cloakroom and from the meal 
room provided in pursuance of Regulation 27, for the storage of overalls 
or working suits. 


The accommodation so provided thall be placed under the charge of a responsible 
person, and shall be kept clean. 

27. There shall be provided and maintained for the use of all persons remaining 
on the premises during the meal intervals, who are employed in (a) any nitro or amido 
process, (b) any chrome process, (c) grinding or crushing caustic by machinery or packing 
of ground caustic, (d) making or packing of bleaching powder, including the drawing of the 
charges from the chambers, (e) crystallising, grinding or packing of chlorate, (f) distilling 
gas tar or coal tar (other than blast furnace tar), or in any process of chemical manufacture 
in which gas or coal tar (other than blast furnace tar) is used, or (g) refining of crude 
shale oil, suitable and adequate messroom or canteen accommodation, which shall be 
furnished with— 

(1) sufficient tables or benches with back rests ; 
(11) adequate means for cooking or warming food and for boiling water; and 
(111) arrangements for washing crockery and utensils. 


The messroom shall be sufficiently warmed for use during meal intervals, be placed 
under the charge of a responsible person and be kept clean and well ventilated. 

28. There shall be provided and maintained in a cleanly state and in good repair 
for the use of all persons employed in (a) any nitro or amido process ; (b) any chrome 
process ; (c) grinding or crushing caustic by machinery or packing of ground caustic ; 
(d) making or packing of bleaching powder, including the drawing of the charges from the 
chambers ; (e) crystallising, grinding or packing of chlorate ; (f) distilling gas tar or coal 
tar (other than blast furnace tar), or in any process of chemical manufacture in which 
gas or coal tar (other than blast furnace tar) is used ; (g) the manipulation of pitch (other 
than blast furnace pitch) ; or (A) refining of crude shale oil :— 

A lavatory, under cover, with a sufficient supply of clean towels, renewed daily, 
and of soap and nail brushes, and with either— | 


(a) a trough with a small impervious surface, fitted with a waste pipe without 
plug, and of such length as to allow at least two feet for every five such 
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persons, and having a constant supply of warm water from taps or jets 
above the trough at intervals of not more than two feet ; or 

(6) at least one lavatory basin for every five such persons, fitted with a waste 
pipe and plug or placed in a trough having a waste pipe, and having either 
a constant supply of hot and cold water or warm water laid on, or (if a 
constant supply of heated water be not reasonably practicable) a constant 
supply of cold water laid on and a supply of hot water always at hand 
when required for use by persons employed. 


29. There shall be provided for the use of all persons employed in (a) a nitro or 
amido process, (b) the crystal department and the packing room in a chrome process, 
(c) the process of distilling gas or coal tar (other than blast furnace tar) and any process 
of chemical manufacture in which such tar is used and (d) refining of crude oil shale :— 

Sufficient and suitable bath accommodation (douche or other), with hot and 
cold water laid on and a sufficient supply of soap and towels. 

A bath register shall be kept containing a list of all persons employed in the above 
processes and an entry of the date when each person takes a bath. 

30. In a chrome process and in a nitro or amido process :— 

(a) A Health Register, containing the names of all persons employed, shall be 
kept in a form approved by the Chief Inspector of Factories. 

(b) No person shall be newly employed for more than fourteen days without 
a certificate of fitness granted after examination by the Surgeon by signed 
entry in the Health Register. 

(c) Every person employed shall be examined by the Surgeon once in each 
calendar month (or at such intervals as may be prescribed in writing by 
the Chief Inspector of Factories) on a date or dates of which due notice 
shall be given to all concerned. ~ 

(d) Every person employed shall present himself at the appointed time for 
examination by the Surgeon as provided in (b) and (c) of this Regulation. 

(e) The Surgeon shall have power of suspension ag regards all persons employed, 
and no person after suspension shall be employed without written sanction 
from the Surgeon entered in the Health Register. 

(f) No person shall introduce, keep, prepare or partake of any food, drink 
or tobacco in any room or place in which a nitro or amido process is carried ° 
on, or in the crystal department of a chrome process. 


dl. Every person employed— 

(a) in a process to which Regulation 25 (a) applies shall wear the protective 
clothing, footwear, respirators, goggles or gloves provided under Regulation 
25 (a) and shall deposit overalls or suits of working clothing so provided, as 
well as clothing put off during working hours, in the places provided under 
Regulations 26 (a) and (0) ; 

(5) in processes to which Regulation 28 applies shall carefully wash the hands 
and face before partaking of any food or leaving the premises ; 

(c) in any processes to which Part II of these Regulations apply shall use 
the protective appliances supplied in respect of any process in which 


he j ced. | 
oa eens EDWARD SHORTT, 
One of His Mayesty’s Principal Secretaries of State. 


Home Orrick, WHITEHALL, 
llth July, 1922. 
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SCHEDULE 


Chemical works means any works or that part of a works in which :— 


1. The manufacture or recovery of any of the following is carried on :— 

(a) Carbonates, chromates, chlorates, oxides or hydroxides of potassium, 
sodium, iron, aluminium, cobalt, nickel, arsenic, antimony, zinc or 
magnesium. 

(6) Ammonia and the hydroxide and salts of ammonium. 

(c) Sulphurous, sulphuric, nitric, hydrochloric, hydrofluoric, hydriodic, 
hydrosulphuric, boric, phosphoric, arsenious, arsenic, lactic, acetic, 
oxalic, tartaric or citric acids and their metallic or organic salts, and 

(d) Cyanogen compounds. 

2. A wet process is carried on 

(a) For the extraction of metal from ore or from any by-product or residual 
material ; or 

(>) In which electrical energy is used in any process of chemical manu- 
ture. 

3. Alkali waste or the drainage therefrom is subjected to any chemical process 
for the recovery of sulphur, or for the utilisation of any constituent of 
such waste or drainage. 

4. Carbon bisulphide is made or hydrogen sulphide is evolved by the decom- 
position of metallic sulphides, or hydrogen sulphide is used in the 
production of such sulphides. 

5. Bleaching powder is manufactured or chlorine gas is made or is used in any 
process of chemical manufacture. 

6.—(a) Gas tar or coal tar or any compound product or residue of such tars 
is distilled or is used in any process of chemical manufacture. 

(6) Synthetic colouring matters or their intermediates are made. 

7. The refining of crude shale oil or processes incidental thereto are carried on. 

8. Nitric acid is used in the manufacture of nitro compounds. 

9. Explosives are made with the use of nitro compounds. 


NOTE 


Breacu oF Recuiations.—(1) If any occupier, owner or manager, who is bound 
to observe any regulation under this Act, acts in contravention of, or fails to comply with 
the regulation, he shall be lable for each offence to a fine not exceeding ten pounds 
and, in the case of a continuing offence, to a fine not exceeding two pounds for every day 
during which the offence continues after conviction therefor. 

(2) If any person other than an occupier, owner or manager, who is bound to observe 
any regulation under this Act, acts in contravention of, or fails to comply with, the regula- 
tion, he shall be liable for each offence to a fine not exceeding two pounds; and the occupier 
of the factory or workshop shall also be liable to a fine not exceeding ten pounds, 
unless he proves that he has taken all reasonable means by publishing, and to the 
best of his power enforcing, the regulations to prevent the contravention or non- 
compliance (s. 85). 

PUBLICATION OF REGULATIONS.—Printed copies of all regulations for the time being 
in force under this Act in any factory or workshop shall be kept posted up in legible 
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characters in conspicuous places in the factory or workshop where they may be con- 
veniently read by the persons employed. 


A printed copy of all such regulations shall be given by the occupier to any verson 
affected thereby on his or her application. 


Every person who pulls down, injures or defaces any regulations posted up in 
pursuance of this Act, or any notice posted up in pursuance of the regulations, shall 
be liable to a fine not exceeding five pounds (s. 86). 


Form 395. Form prescribed by the 
January, 1922. Secretary of State. 


CAUTION 


DANGERS FROM GASSING OR BURNS 
(Official Cautionary Notice under the Chemical Regulations.) 


EVERY PERSON EMPLOYED ON THIS PLANT SHOULD READ THIS NOTICE CAREFULLY. 


VALUABLE TIME WILL BE LOST IF YOU WAIT TO READ IT UNTIL AN ACCIDENT HAPPENS. 
DANGERS FROM GASSING. 


AN ACCIDENT TO THE PLANT IN THIS DEPARTMENT MAY CAUSE AN ESCAPE OF 
GAS OR FUMES. 


) 
Remember that some of the dangerous gases cannot be seen or smelt. 
Every worker should learn :— 


1. Where the Breathing Apparatus is kept. 
How to use it. 

When to use it. 

The signs of gassing. 

How to perform Artificial Respiration. 


Sata tence 


Kixcept when attempting to rescue someone, do not enter any part of the works or 
plant where you have reason to suspect that dangerous gas or fume is present until it 
has been examined by the responsible official appointed by the occupier. 


USE OF BREATHING APPARATUS AND LIFE-BELT 


Always wear the breathing apparatus and life-belt with rope attached 
When attempting to rescue anyone; or 
When entering any place which is certified to be dangerous. 
The Breathing Apparatus and Life-belt for this Department are kept at............ 


Learn to put on the Breathing Apparatus quickly and correctly. By doing so you 
may be able to save a life. 


SYMPTOMS 


Kffects of gassing (apart from headache, giddiness, pain in the stomach and smarting 
of the eyes) are :— 


1. Feeling of loss of power. 
2. Difficulty in breathing. 
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If you feel any of these effects 


Warn your mates. 
Go into the fresh air at once. 
Avoid exertion for some hours even if only slightly gassed. 


If a fellow-worker is gassed send at once for a Doctor and immediately commence 
the following treatment :— 


GENERAL TREATMENT 


1. Remove the patient into the fresh air and loosen clothing at waist and neck. 
2. Keep him lying down. 

3. Cover him with a blanket and keep him warm. 

4. Do not give stimulants. When a patient is able to swallow give Hot Coffee 


If breathing vs shallow (weak) or has stopped :— 


5. Apply Artificial Respiration and give Oxygen. 
6. When Natural Breathing starts leave off Artificial Respiration but continue 
giving Oxygen. 
Do not let a patient walk home when better. Send for an Ambulance to take 
him home. 
Nitrous Fumes.—The effects of these reddish brown fumes (shortness of breath and 
cough) may not come on for some hours after they have been breathed. 
If affected at home Send at once for a doctor. 
Keep warm in a well-ventilated room. 
If affected at work Apply the General Treatment given above. 
In addition 
If patient is blue in the face, give Oxygen. 
If patient is conscious, give a dose of the gas mixture. 


Chlorine.—This gas cannot be breathed without causing severe pain in the chest. 
Apply the General Treatment as above. 
In addition allow patient to smell carbonate of ammonia. 
Sulphurous Fumes.—Apply the General Treatment as above. 
In addition give a seidlitz powder. 
Sie aie ae pee ee epee Apply the General Treatment. Give 


Carbon Monoxide or Producer Gas. Oxygen ; freely. Keep on Artificial 
Ee Respiration for at least an hour. 
Carbon Dioxide. 


HOW TO APPLY ARTIFICIAL RESPIRATION 


Place the patient face downwards as shown in the diagrams.” 

Kneel astride or at the side of the patient and place your hands flat in the small of 
his back with thumbs nearly touching, and the fingers spread out on each side of the body 
over the lowest ribs. (See Diagram 1.)? 

Then promote artificial breathing by leaning forward over the patient, and without 
violence produce a firm, steady, downward pressure. (See Diagram 2.)? Next, release all 
pressure by swinging your body backwards without lifting your hands from the patient. 
(See Diagram 1.) 

1 Gas Mixrure.—Ammon. carb. gr. 120.  Tinct. scillae. m. 90. Sp. chlorof. m. 120. Vin. ipec. 


m. 150. Tinct. senegae. m. 90. Aq. ad. 60z. Dose: One tablespoonful, to be repeated if necessary. 
Not reproduced here. 
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Repeat this pressure and relaxation of pressure, without any marked pause between 
the movements, about fifteen times a minute, until breathing is established. 


CHEMICAL BURNS 


1. Immediately flood with clean water or plunge burnt part 
into a bucket or tub filled with clean water. 

2. Cover the burn with a burn dressing from the First Aid 
box. 


OF THE SKIN. 


, 1. Wash out the eye by gently blowing a stream of water 
from the eye-wash bottle; or immerse the face in a 
basin of clean water and open and shut the eyes. 

2. Report to a Doctor immediately. 


OF THE EYE. 


SPLASHES OF ANILIN OR NITRO-BENZENE 


These can enter the system when they touch or wet the skin. 
If the clothing is splashed sufficiently to wet the skin :— 


1. Remove the clothing at once. 
2. Wash the skin well ; take a bath if necessary. 


SAFETY FIRST 


LIVES can be saved by wearing the Breathing Apparatus and Infe-belt. 
EYES can be saved by wearing Goggles. 


For rescue work the “ Salvus ”’ half-hour breathing apparatus or the “ Antipoys ” 
short-distance breathing apparatus will be found suitable, the former being perhaps 
the most suitable. In the work of resuscitation, oxygen can be administered simply 
and most effectively by employing the “‘ Novita” reviving apparatus. The Schaefer 
method of artificial respiration can be used in conjunction with this apparatus. 

The following particulars relating to sulphuretted hydrogen (SH.), and carbon 
monoxide (CO), published by “ Mentor” in The Gas World of November 21, 1908, will 
prove useful to those interested in tar distillation :— 


Symptoms of Poisoning by Carbon Monoxide 


Usually the first thing noticed by a person who is moving about and has inhaled the 
gas is a tendency to palpitation, dizziness or faintness and shortness of breath after 
exertion, following which there is a general weakening of the muscular, mental and 
sensory faculties. The patient is usually drowsy. When the blood has become about 
50 per cent. saturated it is hardly possible for one to stand upright or walk, and with 
higher degrees of saturation the mental and muscular enfeeblement becomes more and 
more pronounced. One noteworthy point in connection with carbon monoxide poisoning 
is that very little actual distress results from the inhalation of the gas. After paralysis 
of the limbs, the senses gradually become more and more benumbed, as they would be 
by the administration of a gentle anesthetic. With less than 1 per cent. of CO in the 
air, death is very gradual and peaceful, and with more than | or 2 per cent., loss of con- 
sciousness is usually followed by convulsions, and death rapidly ensues. 
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Symptoms Produced by Poisoning from SH, 


The symptoms produced by SH, poisoning are due to two causes: (1) its direct 
irritant action on the eyes and air passages, and (2) its intensely poisonous action, when 
absorbed, on the brain, heart, etc. Exposure to an atmosphere containing 0-01 to 0-02 
per cent. soon produces inflammation of the eyes, and headache. Pain in the eyes often 
comes some time after the exposure, and with great severity, and may recur at intervals 
for several days. With 0-05 of SH,, giddiness and other alarming symptoms show them- 
selves, as well as great irritation of the eyes, nose, etc. 


Tables showing the Poisonous Effects of Varying Percentages of CO and SH, 
on Human Beings 


CARBON MONOXIDE 














Percentage of gas present. 

ee ee encore cub angen) eee Pee 

co. 7 aS eae 30 ae 39 Bee cbatt 
3 3 Co. 

0-05 ey Osi 0-1 After half an hour to two 
hours, giddiness on exertion. 

0-1 1-4 0-30 0-2 Do., do., inability to walk. 

0-2 2:8 0-66 0-4 Do., do., loss of consciousness, 
and perhaps final death. 

0:4 5-6 1-3 0-8 Do., do., probable death. 

1-0 14-0 31933 2-0 After a few minutes, loss of 
consciousness, followed be- 
fore long by death. 

SULPHURETTED HyDROGEN 
Percentage 
of SH, Effect on Human Beings 
present. 
0-001 Strong smell of rotten eggs. 
0:02 After a few minutes, irritation of the nose, throat and eyes, 
accompanied by coughing. 
0-05 Much irritation of the eyes and throat, giddiness and head- 
ache. 
0-07 Death after several hours’ exposure. 
0-2 Death in about one and a half minutes. 


The use of Oxygen in Cases of Gassing, How it 1s Administered, and How Long it 
Should be Given 


Oxygen is a valuable aid to recovery in cases of poisoning from carbon monoxide. 
It should therefore always be kept ready on a gasworks. The oxygen is compressed 
and stored in strong steel cylinders, usually holding 20 cubic feet. The cylinder should 
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be provided with a piece of india-rubber tubing at the end of which is a metal mouthpiece. 
The valve on the cylinder should be opened to the extent necessary to allow sufficient 
oxygen to issue to allow of its being inhaled “ neat,” or without much admixture with air. 
The mouthpiece is then placed loosely in the mouth, so that inhalation may proceed 
without distending the lungs. If the person is unconscious, the nostrils should be closed, 
by pinching them with the fingers, during the process of inhaling, and left free during 
the act of expiration. The time during which oxygen is administered should be at least 
ten minutes. 


Carbon Monoxide Poisoning 


In addition to the preceding notes on this subject, the following may be interesting: 

The chances of poisoning by carbon monoxide are far greater in a gasworks than 
in a tar distillery, but as this volume will no doubt be read by workers employed in both 
of these factories, the author thinks it wise to say something upon this subject. 

In the year 1921, there were 77 cases of carbon monoxide poisoning in England and 
Wales, 14 of which resulted in death.! 

It is curious to note that some people are able to tolerate small doses of carbon 
monoxide without any apparent symptoms of ill-health, but this fact will not prevent 
such a person from becoming poisoned should larger quantities of gas be inhaled. In 
other cases toleration never becomes established and symptoms of illness begin to develop 
which gradually become worse, and it is the latter condition—that of non-toleration— 
which is very much inore common. A very early symptom, and one which is fairly 
general, is that of intolerable headache which, should it become severe, will produce 
nausea and vomiting ; at times the headache does not develop until the affected person 
gets into the fresh air. In most cases of carbon monoxide poisoning attacks of giddiness 
are common, the patient seemingly losing partial control over the lower limbs. The 
digestive system is very frequently disorganised and stomach affections are quite common. 
The heart is often affected, and so may be the senses of smell, taste, sight, and hearing. 
Many patients become sleepy, feeling fatigued on the slightest exertion, and often develop 
impaired memories. 

The treatment of carbon monoxide poisoning requires promptitude and care. The 
cause of poisoning 1s due to the fact that carbon monoxide has the power of combining 
with the hemoglobin of the blood, and even of replacing the oxygen of oxyhzemoglobin 
which occurs in normal blood and is a combination of oxygen and hemoglobin. The 
substance formed is known as carboxy-hemoglobin, and it is carried to the various 
parts of the human system in the blood stream. It appears that oxygen is very easily 
split off from the hemoglobin molecule, whereas carbon monoxide is only removed with 
comparative difficulty. On this account the blood is robbed to a lesser or greater extent 
of its oxygen-carrying capacity, and therefore the patient should be at once removed 
from the foul atmosphere into the fresh air. In carbon monoxide a: the blood 
takes on a bright cherry-red colour, and it will not coagulate. 

As the general vitality of the patient will be lowered, it is very necessary indeed to 
keep him warm, and this must be done by applying hot-water bottles and warm blankets 
to the lower parts of the body and the lower limbs. 

The position of the insensible patient is a matter of importance, particularly as the 
nervous system is most seriously affected owing to the fact that the blood is deprived of 
the greater part of its oxygen. The case is, as a matter of fact, one very similar to that 


1 Annual Report of the Chief Inspector of Factories for the year 1921. 
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of a person who has lost a considerable amount of blood. The patient should be placed 
upon his back with his limbs raised and his head low. 

Artificial respiration should be then commenced and persisted in until breathing 
becomes sufficiently deep to enable the patient to inhale considerable amounts of pure air, 
the oxygen of which will enable the blood to give up the carbon monoxide combined 
with the hemoglobin and replace it by oxygen. 

It is as a rule wise to administer oxygen during artificial respiration ; the method 
by which this is done is described on page 479. It has been recommended by some that 
a certain proportion of carbon dioxide (5 per cent.) be administered with the oxygen. 
This recommendation apparently has emanated from an opinion held by Mosso that 
Cheyne-Stokes’ breathing (which often occurs in carbon monoxide poisoning) was due 
to diminution of carbon dioxide generation in the blood. An administration of this nature 
must, of course, be carried out under the recommendation and supervision of a medical 
attendant. 

After the patient has returned to consciousness it is absolutely necessary that he be 
allowed to rest and be treated also for shock. He should not be allowed to exert himself 
by walking, and if the case necessitates immediate removal to a hospital or to the home, 
then he may be removed in a suitable conveyance. 


Sulphuretted Hydrogen Poisoning 


Sulphuretted hydrogen acts upon the hemoglobin of the red blood corpuscules, 
forming sulphur-methemoglobin. The blood is dark in colour and remains fluid. It 
is on record that the breathing of an atmosphere only slightly impregnated with this 
gas may, if continued for a lengthy period, seriously affect the health and even cause 
death. Constant exposure to an atmosphere containing a very small quantity of sulphu- 
retted hydrogen will produce headache, dullness, giddiness, loss of energy, local irritation 
of the eyes, indicated by pain and congestion of the conjuctiva, sneezing and irritation 
of the mucous membranes of the nose, and soreness of the mouth and throat. Often 
there are severe pains in the head and diffused pains in the abdomen. If inhaled in the 
concentrated form sulphuretted hydrogen is almost immediately fatal; consciousness 
is lost at once and in a few seconds respiration ceases. If breathed in a less concentrated 
form, immediate unconsciousness may occur, which may last for several hours and finally 
pass into fatal coma. Tetanus with delirium or violent convulsions may become evident. 
Death is brought about by it directly affecting the normal functions of the central nervous 
system. 


Poisoning by Benzene 


Although poisoning by benzene (benzole) and vapours from light coal tar distillates 
is not common in this country, it is as well that attention be called to the risk. In the - 
Annual Report of the Chief Inspector of Factories for the year 1921, 11 cases of poison 
are recorded against benzole, naphtha, and aniline; unfortunately it does not say how 
many of these cases are due to benzole and naphtha. The author has had three or four 
cases occur in his experience, but in each instance complete recovery resulted after treat- 
ment by artificial respiration in the fresh air. It appears that benzene is somewhat more 
toxic than commercial benzole, commercially pure benzole coming in between these two 
materials. Undoubtedly the increase in toxicity is due to the more volatile nature of 
the purer products. Susceptibility to poisoning by these materials seems to rest in the 
very young and the old, and it appears that the female is more susceptible than the 
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male. Various organic diseases increase susceptibility very materially, especially those 
affecting the kidneys and heart, and it should also be noted that individuals of a muscular 
build possessing rapid blood circulation, and who breathe deeply, more rapidly succumb 
to the action of benzene or benzole vapours than individuals of a less vigorous type. 
It will be readily understood that liability to poisoning is greater during hot days when the 
air is very stagnant. It should be borne in mind particularly that poisoning by benzole 
does not always mean that the patient becomes unconscious ; it is quite possible for a 
person working constantly in the vapours of benzole to become gradually poisoned, and 
failure in health will result after a time. Any suspected cases should be put under obser- 
vation, and naturally taken off from work in the proximity of benzole. 

Benzole is also responsible, among other of the light coal-tar distillates, for diseases 
coming under the heading of industrial dermatitis, and it should be noted here that 
petroleum distillates bring about similar troubles. The primary cause of this trouble 
is the removal of the natural grease from the skin by the light solvents. Cracking then 
occurs, sometimes very badly, and often eczematous growths appear round the cracks. 
Unless attention is given immediately one or other of these conditions arise ;_ bacterial 
poisoning will occur and intensify the condition of the disease. Employees should be 
cautioned not to use benzole or light coal tar oils for cleansing their hands, and should they 
have to work with this material they should keep their hands well greased with an 
antiseptic ointment, using as a base, lanoline. It goes without saying that it is very wise 
to send a case of this nature to a doctor should it show signs of becoming acute. 


Pitch Cancer 
This has been dealt with in Chapter XIX, page 333. 
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Acid egg (carbolic and cresylic plant), 211 
Acid tar, 270, 273 
treatment of, 274 
Agitators, mechanical, 201-204, 248 
wooden, 204 
Air-blowing crude cresylic acid, 244 
Air pressure to transmit cresylic acid, 
241 
to transmit carbolic, acid, 241 
Aleurone grains, 14 
Alkali Act requirements as regards foul 
gases, 156 
American coal, tar from, 89, 90 
Ammonia, examination of pyridine for, 
423 
Ammoniacal liquor, 182 
receiver, 158 
Ammonium chloride, cause of corrosion of 
stills, 121, 127, 128 
sulphide, cause of corrosion of stills, 
121, 127, 128 
Annular ring or tar still seat, 140 
Anthracene, crude recovery of, 325-329 
chemical and physical properties of, 
316-318 
oil, 184 
distillation of, 325 
filtering of, salted out, 325 
for gas stripping, 361 
salting out, 325 
specific gravity of, 185 
still for, 316 
plant for manufacture of crude, 176 
pressing of, 325-326 
purification of, 326-328 
test for percentage of refined anthra- 
cene in, 472 
for insoluble in benzole, 472 
for paraffin in, 472 
for sand, dirt, etc., in, 472 
tests, 472-473 
washing of, 326, 327, 328 
Anthracite coals, 9, 10, 11, 12 
Anthraquinone, 473 
Ash pit, 139 
determination of, in tar, 380 
determination of, in pitch, 388 
Auxetics, 333 
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Bacteria in coal, 26—28 
Balance-sheet for distillation of tar, 194, 
195 
Bark, 15 
Barrett’s process of tar distillation, 188 
Bases in coal tar, 58, 71 
Bay, coal tar pitch, 161, 162 
construction of, 161 
cresylic pitch, 222 
depth to run pitch on, 187, 331 
preparation of pitch, 187 
Benzene, preparation of commercially pure, 
287 
chemical and physical properties of, 
279-281 
in toluole, determination of, by Dr. 
Colman’s method, 437 
in tar, 71 
poisoning, 495 
tests for paraffins in, 426 
tests for intermediate manufacture, 
429 
Benzenoid hydrocarbons, theory of ex- 
traction of, from gas, 365 
determination of, in coal gas, 463, 464 
Benzole, plant for recovery of, 248-264 
British Standard specification for, 431 
crude grades of, 370 
determination of pyridine in, 425 
determination of total sulphur in, 425 
distillation tests, 425, 428, 432, 435 
estimation of fatty hydrocarbons in, 
426 
fractionation cf washed crude, 284, 286 
Government specification for, 428 
method of washing crude, 269-272 
plant, pipe lines for, 261 
plant, receivers for, 261 
preparation of 90’s, 284, 285 
preparation of 50’s—90’s, 285 
recovery of, 266 
rectification of, 279 
removal of carbon disulphide from, 
275-285 
stills, 249-256 
testing for specific gravity, 424 
tests for carbon disulphide in, 427 
test for thiophene in, 427 
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Benzole— 
washers, 248, 249 
National Benzole Association’s specifi- 
cation for, 428 
Benzolised oil tanks, 350, 353 
preheaters for, 353 
steam heaters for, 353 
testing of, 463 
Berthelot-Mahler bomb calorimeter, 412, 
413 
Bituminous coals, 9, 10, 12 
Black varnish, creosote for, 342 
** Blair’s”’ benzole recovery plant, 357, 358 
** Blair’s’”’ centrifugal scrubber, 351, 352 
Blast furnace oil for gas stripping, 362, 363 
Blast furnace tar, 83 
Blow-boiler, 210, 211 
Blowing boiler or tank (cresylic plant), 210, 
211 
Blow-over stills, steam heated, 250 
fire-heated, 249 
fractionating column for, 250 
Boghead coals, 9 
Boiler, carbonating, 205 
blow, 210, 211 
Bottoms of stills, 128, 129 
eresylic, 221, 244 
pyridine, 303, 304 
Brageat gas stripping process, 364 
Bricks, fire, 138 
brindled, 138 
common, 138 
Staffordshire blue, 138 
Brick storage tanks, 111, 116, 117 
Bright?’ coal, 17 
British Standard specification for benzole, 
431 
for creosote, 397 
for pitch, 288 
Brown coals, 9, 16 
Butterfield cock, 135, 136, 158 


“°C” Process, 347 
Cadmium chloride tests, pyridine bases, 423 
Calculation of cooling surface of coils, 151, 
262—265 
Cancer, pitch, 333 
Cannel coal, tar from, 85 
Cannel coals, 9 
Carbazole, 318 
determination of, in anthracene salts, 
473 
recovery of, 327, 329 
Carbocoal tar, &9 
Carbolate (phenolate) tar acids in, 239 
boilers or tanks, 205 
pump for, 207 
springing tank, 203 
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Carbolate— 
springing with CO,, 239 
with sulphuric acid, 238 
Carbolic acid, 227 
CO, process for recovering, 205, 215, 
239 
continuous process for recovering, 205, 
215, 239 
crude, qualities of, 240 
crystallising point test, 468, 469 
determination of water in, 468 
manufacturing costs in obtaining, 236, 
237 
preparation of pure, 241-243 
receivers, 222 
solubility test, 468 
sulphuric acid process for recovery, 233, 
238 
testing for specific gravity, 468 
tests, 468-471 
washing oils for, 234-236, 237 
Carbolic oil, specific gravity of, 183 
Carbon, free, in tar, 71, 73, 77, 82, 91, 95, 96 
Carbon dioxide, 26, 28, 29 
Carbon disulphide, removal from benzole, 
275, 285 
tests for, in benzole, 427 
Carbon monoxide, 28, 29 
Carbon monoxide poisoning, 492, 494 
Carbonating boilers, 205 
towers, packed and plate types, 206, 
207, 208, 209 


- Carts for carriage of tar, 111 


Cast-iron tar stills, 121, 122 
Caustic liquors, examination of, 474 
Caustic soda evaporator, 219 
lye, 229, 230 
tanks, 218, 293 
Causticisers, 218 
Causticising plant, 218, 219 
soda ash, 229, 280 
spent liquors, 233 
Cellulose, 13, 26, 45, 46, 48. 
Centrifugal machines, 307, 308, 309, 310, 
311 
scrubber, 351, 352 
Chamber and Hammond’s dehydration 
plant, 165, 166 
continuous distillation plant, 174, 178, 
180 
Chamber retort tar, specific gravity of, 55 
Change-over point crude naphtha to light 
oil, 182 
light oil to light creosote, 183 
light creosote to heavy creosote, 183 
heavy creosote to anthracene oil, 184 
points, methods used by stillmen to 
determine, 185 
Channel plates of tar still, 128-129 
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Charge block of tar still, 134 
Charge pipe of tar still, 134 
of preheater, 143 
Charging preheater, 181 
tar still, 181 
Chemical composition of tar, 55-96 
~Chemicaland physical properties of benzene, 
279-281 
anthracene, 316, 317 
carbazole, 318 
cresol, 228, 229 
naphthalene, 315, 316 
phenanthrene, 318 
phenol, 226-228 
pyridine, 296, 298 
toluene, 281-283 
xylene, 283, 284 
Chlorophyll, 14, 53 
Cholesterol, 15 
Clarain, 14, 17, 24, 25, 34, 35, 39, 40, 45, 46, 
48, 53 
action on photographic plate of, 39 
Classification of coal, 10-13 
Cleaning of tar stills, 187 
precautions to be taken when, 187, 
188 
CO, gas furnace, 211, 212 
action of extracts on photographic 
plate, 39-40 
action of iodine on, 47, 48 
action of ozone on, 47 
action of reagents on, 44 
action of solvents on, 30-38 
action on photographic plate, 38-42 
bacteria in, 26-28 
balls, 17, 19, 20, 23, 24 
briquettes, 335 
classification of, 9-13 
constitution of, 13—54 
formation of, 3—7 
gas, testing of, 475 
gases in, 28-30 
geology of, 1-7 
hydrogenation of, 42—44 
manipulation of 240 
micro-organisms in, 26-28 
oxidation of, 45 
plant remains in, 16 
plants, 6-7 
resins in, 22 
waxes in, 22 
Coals, brown, 9, 16 
anthracite, 9, 10, 11, 12, 43 
bitumimous, 9,710, 122°22,-24,:25, 26; 
31, 32, 33, 34, 39, 42, 43, 44 
boghead, 9 
cannel, 9, 22, 31, 43 
humic, 9, 42 
lignites, 9, 12, 16, 22, 42, 44, 45 
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Coals-— 
sapropelic, 9 
torbanite, 9 
Coal, coking, 10, 11, 35, 36 
microscopical examination of, 17 
non-coking, 10, 13 
Coal tar, chemical composition of, 55-96 
compounds in, 56 
disinfectants, germicidal value of, 412: 
effect of heat of carbonisation, 55, 96.3 
effect of nature of raw material on 
physical properties of, 55 
effects of nature of raw materials on 
chemical composition of, 70 
high-temperature, 55, 56 
how received from gas works, 110, 111 
low-temperature, 55, 62, 63, 64, 65 
physical properties of, 55 
storage of, 114-119 
tips, 110-111 
> vacuum. 159: CO 26)2 637.10 
Coal v. gas-firing of tar stills, 145 
Coal gas, determination of benzenoid hydro- 
carbons in, 463, 464 
determination of naphthalene in, 465 
Coalite tar, 73 
free carbon in, 73 
specific gravity of, 72, 73 
Coal tar light oils, yield of pyridine from, 
304 
Cock, dipping for tar stills, 132, 134 
Cocks, Butterfield type, 135, 136, 158 
gland, 158 
Coefficient of expansion, creosote, 346 
Coefficient of expansion, coal tar, 96 
Coil, preheater, 148, 149 
corrosion of, 149 
end or worm end, 154 
Coke oven tai, 82, 83 
Coke, testing of, 475 
furnace, 211, 212 
gases, testing of, 475 
Coking firing, 146 
Collecting box, 154 
Colman and Yeoman, determination of 
benzene, toluene, ete., in coal tar 
products, etc., 437 
Colophony, 14 
Colour requirements for pyridine, 423 
Combustion chamber of tar stillfurnace, 139 
Common bricks, 138 
Composition of crude benzole, 370 
Compounds in coal tar, 56 
Compressed air for transmitting dis- 
tillates, 158 
Concrete foundations, 112, 137 
Hennebique system, 112 
reinforced, Monier system, 112 
storage tanks, 111-115 
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Concrete, 112, 115-116 
Condenser tanks, 152, 221, 261, 293, 295 
coil and tank for cresylic plant, 221 
coils, notes on, 264 
coils, transmission of heat, 264 
drain cock for, 153 
for benzole and naphtha plant, 261 
for crude pyridine rectification plant, 
295 
for pyridine recovery plant, 293 
steam-pipe and. coils for, 153 
Condensers, 152, 221, 261, 293, 295 
‘dead ”’ space in, 263 
Condensing worms, 148, 151, 221, 260, 293, 
295 
coil:, shape of, 150, 264, 293 
corrosion of, 148, 149, 150 
metals used in construction of, 148, 
153, 295 
Constituents of coal tar, formation of, 
59-70 
of “ vacuum ”’ tar, 63 
Construction of tar stills, 121 
of fire-place, 139, 140 
of. flues, 142-144 
of storage tanks for tar, 111-119 
for creosote, 112, 344 
of tar still bottoms, 128 
Continuous process for manufacture of 
earbolic acid, 205, 215, 239 
benzole distillation plant, 379 
cresylic acid, 205, 215, 239 
dehydration of tar, 164-170, 192 
tar acid extraction plant, 222 
tar distillation, 170-180, 192-194, 199, 
200 
Continuous stills, 170 
Cooler, pitch, French weir, 160 
Coolers, pitch, 159 
construction, 159, 160 
Coolers for debenzolised, oil, 356 
Cooling surface of a coil, calculation of, 151, 
261 
Cooling tanks for naphthalene, 305, 321 
Cooling water (gas-stripping plant), 368 
Copp’s benzole recovery process, 369 
Cork, 15, 19, 24, 28, 29 
Corrosion of condenser coils, 
150 
due to ammonium chloride, 127 
of still plates, 127 
of tar stills, 127 
sulphide, 127 
Costs, Works, for, 
benzole and solvent naphtha, 289 
carbolic and cresylic, 237 
pitch getting, 333 
tar distillation, 195 
Creosote for Wells’ oil, 185, 338 


148, 149 
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Creosote, heavy, 184 
British standard specification for, 397 
coefficient of expansion of, 346 
distillation of by fire, 268, 337 
light, 183 
receivers for, 158 
Creosote oil, 337 
for benzole recovery process, 343, 344 
for black varnish, 342 
for ighting purposes, 185, 338 
for manufacture of greases, 341 
for sheep dips, and disinfectant fluids, 
340, 341 
for timber preservation, 343, 397-411 
volatility of, 345 
Creosote oil for fuel, 338, 339, 340 
calorific value of, 338 
determination of, 412 
determination of specific gravity, 390, 
399, 405 
determination of coefficient of ex- 
pansion of, 397 
determination of flash point of, 397 
determination of “‘ free carbon ’”’ in, 396 
determination of naphthalene in, 392 
determination of naphthalene in 
(Mann’s Method), 393 
determination of phenols in, 391, 400 
determination of pyridine bases in, 396 
determination of water in, 391, 399 
dimethyl sulphate test, 397 
distilling range, 394, 399, 407 
for brick industry, 341 
requirements of various specifications, 
339, 340, 342, 343, 401-411 
specific gravity of, 337, 345 
storage of, 112, 344 
variation of properties of, 337 
Cresols, chemical and physical properties 
of, 228, 229 
separation of m— from p-, 246 
Cresylate (phenolate), springing of, 238, 239 
pump for, 207 
tanks or boilers, 205 
Cresylic acid— 
air blowing of distilled, 244 
CO, process for recovery of, 205, 215, 
239 
distillation of crude, 243, 244 
distillation test of, 466 
meta-cresol test, 467 
purification of, 244, 246 
receivers, 209, 222 
still for, 220 
sulphuric acid process for recovery of, 
233, 238 
test for naphthalene and neutral oil in, 
466 
test for sulphur compounds, 466 
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Cresylic acid— 
test for sulphuretted hydrogen in, 466 
test for tar acids in, 466 
test for water in, 466 
testing for specific gravity, 466 
tests, 466-468 
washing oils for, 222, 235, 237 
Cresylite tests, 467 
test, long, 467, 468 
test, short, 467 
Crown. plates of still bottoms, 128, 129 
Crude anthracene, 325 
drying of, 326 
plant for the manufacture of, 305-314 
pressing of, 325, 326 
washing of, 326-328 
Crude benzole, 266, 269, 270, 271, 272 
average constitution of, 269 
composition of, 269 
fractionation of washed, 284, 285, 287 
grades of, 370 
purification of, 275, 285 
receivers (gas stripping plant), 356 
rectification of, 284, 285, 287 
washing of, 269-272 
Crude carbolic acid, specific gravity of, 
241, 245 
Crude heavy solvent, washing of, 273 
Crude naphtha, 182 
distillation by steam, 267 
distillation by fire, 266 
receiver for, 158 
specific gravity of, 142 
valuation test for, 429 
washing of, 233, 235, 266 
Crude pyridine bases, 301, 302 
drying of, 301, 302 
recovery of, from pyridine water, 301 
rectifying dried, 302 
Crude solvent naphtha, 265, 272, 273 
fractionation of, washed, 286 
rectification of, 286 
removal of tar acids from, 269 
washing of, 269, 272, 273 
Crystallising point of carbolic acid, 239 
determination of, 468, 469 
Curtain arch, 140, 142 
“Cut” points, 182-185 
method, used. by stillmen to determine, 
185 
Cuticles of plants, 24, 25 


‘* Dead ”’ space in condenser, 264 
Debenzolised gas, 348 

coolers for, 356 

oil tanks, 356 

testing of, 463, 464 - 
Debenzolising gas by silica gel, 373 
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Debenzolising wash oil, 368 
still, steam supply to, 364, 365 
Dehydration of coal tar, 164-170, 192 
continuous, 164-170, 192 
plant for, 162, 163, 164-170 
‘** Dekaline,’’ 324 
Dephlegmator, outside, 355 
amount of water required, for, 263, 288 
Dephlegmators for rectifying stills, 253, 
254, 259, 260, 263 
Determination of naphthalene in coal gas, 
465 
benzenoid hydrocarbons in coal gas 
463, 464 
Diesel engine fuel, 339, 340 
Dimethyl] sulphate test, 397, 421 
Dipping cock for preheater, 148, 149 
for tar still, 132, 134 
Dipping rod, 148 
Dipping tap for tar still, 132, 134 
for preheater, 148, 149 
Discharge pipe of preheater, 148, 149 
Discharging of pitch, 187 
Disinfectant fluids, creosote for, 340, 341 
Disinfectants, bacteriological, method for 
testing, 412 | 
Distillates, methods of running to receivers, 
157 
Distillation of coal tar, 181 
ammonia water stage in, 182 
anthracene oil or “‘ green ’’ oil stage 
in, 184 
balance-sheet for, 194, 195 
carbolic oil stage in, 183 
continuous, 170-180, 192-194, 199, 
200 
creosote oil stage in, 184 
erude naphtha stage in, 182 
‘light oil stage in, 183 
of benzole, 279 
of creosote by fire, 268, 337 
of cresylic acid, 243, 244 
of crude naphtha by fire, 266 
of crude naphtha by steam, 267 
of light oil by fire, 267 
of ight oil fractions by fire, 268 
of light oil fractions by steam, 268 
of naphtha, 286, 287 
Distilling range of creosote oil, determina- 
tion of, 394, 399, 407 
Divider tanks: carbolic or cresylic plant, 209 
Dividing box or separator: tar distilling 
plant, 154 
benzoie and naphtha plant, 261 
eresylic distilling plant, 209 
Dopplerite, 50, 51, 52 
Drain cock for condenser tank, 153 
Drying tank for pyridine, 293 
** Dull’ hard coal, 17 


502 


Durain, 17, 24, 34, 35, 39, 40, 45, 46, 48 
action on photographic plate of, 39 
Dust separator, 213, 214 
separating from CO, furnace gases, 
213, 214 


Effect of water in wash oil, 364 
Egg, carbolic acid, 211 

caustic soda, 293 

pyridine acid, 291 
Ejectors for foul gas main, 156 

corrosion of cones of, 156, 157 
Emptying of tank wagons, 110 

of keels and lighters, 111 
Estimation of caustic soda 

liquor, 474 

Evaporator for caustic soda, 218, 219 
Examination of caustic liquors, 474 

of coke, 475 

of creosote, 390-411 

of lime mud, 474 

of spent liquors, 474 

of tar, 376-386 
Expansion, coefficient of, of creosote, 346 
Extraction of benzenoid hydrocarbons 

from gas, theory of, 365 


in caustic 


Factory and Workshop Act Regulations, 
477-492 
Fatty oils, 15, 26 
Field’s classification of coals, 10 
Filtering “‘ salted out’’ oil, crude anthra- 
cene recovery process, 325 
Filter press, 312, 313 
tank for causticising plant, 218 
Finishing tank (carbolic or cresylic plant), 
210 
Finishing the “ springing ”’ of tar acids CO, 
process, 241 
Fire-bars, 139, 140 
bricks, 138 
clay, 138 
door of tar still, 139, 140 
place, construction of, 139, 140 
Fire fighting, 107, 108 
Firing, coal v. gas, 145 
Firing of stills, 146 
Firing, coking, 146 
spreading, 146 
First aid, 108 
Fish poisoning, 195-197 
Flash point of creosote, determination of, 
397 
of naphtha, determination of, 430 
Flue, single wheel, 143 
construction of, 142-144 
double wheel, 142 
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Flues of tar still, 137-139, 142-144 
formation of coal, 3-6 
to constituents of coal tar, 65—70 
Foul gas main, 156 
Foul gases, 156, 157 
Craven and Colman’s 
dealing with, 157 
ejectors for, 156 
methods of dealing with, 156, 157 
oxide purifiers for dealing with, 57 
seal pot for, 156 
Foundations, concrete, 112, 137 
of tar stills, 137 
settling of, 112 
Fractionating column for cresylic still, 220 
for blow-over stills, 250, 251 
for rectifying stills, 253, 256—259 
stills, 252, 254, 255° 
Fractionating columns, notes on, 256 
Fractionation of crude cresylic, 243 
of washed crude benzole, 284, 285, 287 
of washed crude solvent, 286, 287 
‘“Free carbon”’ in coalite tar, 73 
““Free carbon” in creosote, determination 
of, 396 
in pitch, determination of, 387 
Ln ar, a i ool oy Ol Ook 
determination of, 378, 379 
Fuel, economy of, 145-147 
for Diesel engines, 339, 340 
Fuel oil, coalite tar as, 73 


method of 


Fuel oil, 338 


calorific value of, 338 
Furnace for making CO,, 211, 212 
manipulation of, 240 
Furnace gases, CO, process, 240 
Fusain, 14, 17, 18, 23, 33, 34, 45, 46, 48 


Gases from coke furnace, 240 
per cent. of CO, in, 240 
testing of, 475 

Gases in coal, 23-30 

Gas firing, 144 
burners for, 144, 145, 146 
main, foul, 156 
sewer, 145 © 
v. coal for firing tar stills, 145 

Gas stripping, 347 

Gas-stripping plant, 347-360 
benzolised oil tanks for, 353 
condenser for debenzolising still, 356 
crude benzole receivers for, 356 
debenzolised oil tanks for, 353 
heat exchangers for, 353 
meters for, 357 
oil coolers for, 356 
preheaters for, 354 
pumps for, 357 
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Gas-stripping plant— 
scrubbers for, 350, 351, 352, 353 
separator for, 356 
stills for, 355 
washers for, 350 
Gas stripping, petroleum distillate for, 
360 


description of process, 347-375 
Gas oil for gas stripping, 360 | 
Gas, debenzolised, 348 
Gassing, use of oxygen in cases of, 479, 
493 
Geology of coal, 1—7 
Germicidal value of coal tar disinfectants, 
412 
Getting pitch, 331, 332 
protection of workmen, 332 
tools for, 332 
** Glance ”’ coal, 17 
** Glanzekohle,’’ 17 
Goodwin rings, 258 
Government specification for pure benzole, 
428 
specification for pure toluole, 437 
Grades of crude benzole, 370 
Greases, creosote for manufacture of, 370 
formule for, 341 
lubricating, 341 
Green oil for gas stripping, 361 
Grinding machinery, for crude anthracene 
recovery plant, 314 
Gruner’s classification of coals, 11 
Gurney jet, 208, 209 
Gutter, construction of, 161 
gates for, 161 
pitch, 160, 161 


Heat exchangers (gas-stripping plant), 353 
transmission of, heating coils, 264 
Heating coils, transmission of heat, 264 
Heavy bases, 390, 304 
Heavy creosote, 184 
receivers, 158 
specific gravity, 184 
Heavy naphtha, preparation of, 286 
crude naphtha, 269, 273 
crude naphtha, method of washing, 
269, 273 
solvent naphtha, 286 
Heavy oils, 184, 185 


Hennebique system of making reinforced — 


concrete, 112 
High heat tar, 93, 94, 95 
High-temperature coal tar, 93, 94, 95 
Hird’s dehydration plant, 164 
continuous distillation plant, 170 
Home Office, regulations for tar distil- 
leries, 477 
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| Horizontal retort tar, specific gravity of, 


55, 75, 81, 92 
high heat tar, specific gravity of, 55 
low heat tar, specific gravity of, 55 
Humie acids, 48, 49 
substances, 37 
Humice coals, 9, 42 
Humus, 33, 48, 49 
Hydraulic presses, 306 
steam heated, 306, 307 
Hydrocarbons, estimation of, in benzole, 
426 
Hydrogen, 26 
Hydrogenation of coal, 42—44 
of naphthalene, 324 
Hydronaphthalenes, 324 


Inspection chamber, 155 
Interchange process in recovery of tar 
acids, 235, 240 
Iodine, action of, on coal, 47, 48 
Iron, wrought, for stills, 121-129 
east, for stills, 121, 122 
Iron, carbon in, 125 


Jointing for pipes, 129 
Kinetics, 333 


Lagging of steam valves, 159 
of tar still domes, 126, 135 
Lay-out of tar works, 99-108 
Lessing’s rings, 257-258, 259 
Light creosote, 183 
distillation of, 268, 337 
receiver, 158 
specific gravity, 184 
Light oil, 183 
distillation of, by fire, 267 
distillation of fractions from, by steam 
or fire, 268 
estimation of tar acids in, 431 
estimation of pyridine bases in, 431 
receiver, 153 
specific gravity of, 183 
valuation of, 430 
washing of, 235, 236, 237 
Lighting of works, 105 
Lignite tar, low-temperature, 87, 88 
Lignites, 9, 12, 16 
Ligno-cellulose, 13, 26, 51 
Lime mud, examination of, 474 
slurry or mud, 230-233 
slurry filter, 218 
Low heat tar, 86, 87, 93-95 


504: 


Low-temperature coal tar, 63, 65, 86, 87, 
93, 94, 95 
tar, constituents of, 65 


Machine, centrifugal, 307, 308, 309, 310, 311 | 


grinding, 314 
Mains to distillate receivers, 157, 158 
Major’s continuous distillation plant, 199, 
200 
Manhole lids, 134, 135 
lid stool, 134, 135 
Manholes, 134, 135 
‘*“Mattkohle,”’ 17 
Measuring tar in storage tanks, 119 
Mechanical agitators, 201-204, 249 
Meta-cresol, long test of, 467, 468 
short test of, 467 
Metals used in construction of condenser 
coils, 148, 150, 295 
Metals used in construction of tar stills, 121 
Meters (gas-stripping plant), 357 
Methane, 26 
Micro-organisms in coal, 26—28 
Middle oil, 183 
washing of, 236, 237 
Mid-feathers, 143 
Midland tar, 72 
Mild steel for tar stills, 121-123 
** Mineral charcoal,’’ 14, 17, 18, 23, 33, 34, 
45, 46, 48 
Ministry of Transport, specifications for 
tar for road treatment, 382-386 
Monier system of reinforced concrete, 112 
** Mother-of-coal,”’ 14, 17, 18, 23, 33, 34, 45, 
46, 48 


Naphtha— 
crude, 182 
crude, distillation by fire, 266 
crude, distillation by steam, 267 
determination of flash point, 430 
distillation of, 286, 287 
distillation test of, 430 
estimation of pyridine in, 430 
estimation of acids in, 430 
estimation of specific gravity, 430 
heavy, 286 
plant for recovery of, 248 
preparation of 90 per cent. at 160° C. 

solvent, 286 

preparation of 75° F. flash solvent, 286 
preparation of 85° F. flash solvent, 287 
recovery of, 263-278 
rectification of, 279 
stills, 249-252 
testing of, 430 
valuation of crude, 429 
washers, 248 
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Naphthalene, 315 
chemical and physical properties of, 
315, 316 
cooling tanks for, 305, 321 
determination of, in coal gas, 465 
drained, 320 
hydrogenation of, 324 
liquid hydrocarbons from, 323, 324 
oxidation of, 324 
phthalic anhydride from, 324 
plant for recovery of crude, 305-314 
pressed, 320-321 
purification of, 321-322 
recrystallising crude, 320 
* salts,’’ 183, 320 
specific gravity of, 315 
test for, in creosote, 392, 393 
test for, in cresylic acid, 466 
test of, 473 
‘“ whizzed,’’ 320 
National Benzole Association’s specifica- 
tion for benzole, 428 
Neutral oils, determination of, in cresylic 
acid, 466 
Nitrogen, 29 
Nitrogen in tar, 71 
Northern tar, 72 


Oil coolers (gas-stripping plant), 356 
Oil, anthracene, 184, 185 
anthracene, distillation of, 325 
anthracene, salting out, 325 
creosote, 337 
fuel, 338 
Wells’, 185 
Oils for gas stripping, 360 
Outside dephlegmator, 355 
Overflow cock, 134 
pipe of preheater, 148 
Oxidation of coal, 45 
Oxide purifier for dealing with foul gases, 57 
Oxygen in coal, 29 
Oxygen, uses of, in cases of gassing, 479, 
493 
Ozone, action of, on coal, 47 


Paraffin bodies in coal tar, 71 

Paraffin bodies in coal, 31, 32, 34, 36, 37 

Paraffins in benzene or toluene, tests for, 
426 

Peat-ulmin, 50 

Pectin substances, 15 

Pecto-celluloses, 14 

Peppers’ patent continuous tar acid ex- 
tractor, 222 

Pet cocks on tar storage tanks, 119 

Petroleum distillate for gas-stripping, 360 


Sa 


INDEX 


Plant— 


Phenanthrene, 318 
recovery of, 327, 330 
Phenol, chemical and physical properties 
of, 226, 228 
from chlorobenzene, 245 
Phenolate, springing of, 238, 239 
Phenols, recovery of, 226-247 


Phthalic anhydride from naphthalene, 324 


Pipe jointing, 120 
Pipe joints, 104 
Pipe lines for the conveyance of tar, 103 
for benzole plant, 261 
temporary, 104 
Pitch, 331-336 
bay, construction of, 161 
bay for coal tar pitch, 161, 162 
bay for cresylic pitch, 222 
bay, preparation of, 187 
British Standard specification for, 388 
cancer, 333 
cock on tar stills, 135 
coke, 336 
cooler, French weir, 160 
coolers, 159 
coolers, construction of, 159, 160 
cooling, 187 
creosote mixtures, 340 
depth to run to in bay, 187, 331 
determination of specific gravity of, 
386 
determination of ash in, 388 
determination of ‘‘ free carbon,’’ 387 
determination of twisting point of, 387 
determination of volatile matter in, 388 
discharging of, 187 
disease, 333 
getters, protection of, 332 
getting, 331, 332 
getting, cost of, 332 
getting tools, 332 
gutter, 1€0, 161 
gutter, construction of, 160, 161 
gutter, gates for outlets, 161 
hard, 331 
medium, 331 
running off of, 187 
soft, 331 
tests, 386 
Pitch of rivet holes, 118, 124 
of still dome, 126 
Plant, causticising, 213, 219 
causticising spent liquors, 218, 219 
for gas stripping, 347-360 
for the continuous dehydration of tar, 
162, 163, 164-170 
for the continuous distillation of tar, 
167-180, 199-200 
for the extraction of tar acids, 201-204, 
222-224, 225 
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for the recovery of crude anthracene, 
305, 314 
for the recovery of benzole, 248-264 
for the recovery of crude carbolic, 201 
for the recovery of crude cresylic, 201 
for the recovery of crude napthalene, 
305-341 
for the recovery of naphtha, 248 
for the recovery of pyridine bases, 291 
tar distilling, 121-181 
Plant remains in coal, 16 
macroscopical evidence of, 16 
microscopical evidence of, 17, 29 
Plants, coal, 6—7 
Plates, channel, 128-129 
corrosion of still, 126-128 
crown, 128, 129 
lamination defects of wrought-iron, 123 
protection of still, 140 
sketch, 128 
steel, for still construction, 123 
wrought-iron, for still construction, 123 
Poisoning by benzene, 495 
by carbon monoxide, symptoms of, 492, 
494 
by sulphuretted hydrogen, symptoms 
of, 493, 495 
Poisonous effects of CO, CO,, and SH,, 
also benzene, on human beings, 
492-496 
Preheaters, 148 
advantage of, 150 
charge pipe, 148, 149 
charging or, 1814 
coil, 148, 149 
coil, corrosion of, 149 
construction of, 148-150 
dipping tap or cock, 148-149 
discharge pipe, 148-149 
inlet and outlet fittings for coil for, 148, 
149, 150 
manhole and lid, 148, 149 
overflow pipe, 148 
swan neck, 148 
Preheaters for gas-stripping plant, 353-354 
Prepared tar, 189-192, 193, 199 
Preserving timber, creosote for, 343, 397- 
411 
Presses, filter, 312-313 
hydraulic, 306 
Pressing rough or crude anthracene, 325,326 
crude naphthalene, 320-321 
Process, ““C,”’ 347 
Producer, gas tar, 93 
Producer gas, 145 
sewer, 145 
Protein grains, 14 
bodies, 26 
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Protoplasm, 14 
Prym rings, 257 
Pump for carbolate or cresylate, 
process, 207 
for causticising plant, 219 
Pumps emergency, 162 
for tar, 119-120 
for gas-stripping plant, 357 
Pure carbolic acid, preparation of, 241— 
243 
Purification of anthracene, 326, 328 
of cresylic acid, 244, 246 
of crude benzole, 275, 285 
of naphthalene, 321-322 
Purifying gases from CO, furnaces, 214, 240 
tower, 214 
Pyridine, 296 
Pyridine acid, 291, 298 
dilution of, 298 
egg, 291 
neutralised, distillation of, 299 
neutralising, 299 
plant for working up of, 291-295 
stills for neutralised, 292 
tanks, 291 
Pyridine bases, 296, 299 
bottoms, refractionation of, 304 
bottoms, storage tank for,-295 
cadmium chloride test, 423 
determination of water in, 422 
distillation of crude, 302 
distillation test of, 423 
drying of crude, 301 
drying tank for, 293 
estimation of, in benzole, 425 
estimation of, in creosote, 396 
estimation of, in naphtha, 430 
German Federal Council specification, 
422 
heavy, 300, 304 
limit of colour in commercial, 423 
rectification of, 302 
rectifying still for, 295 
rectifying still, cleaning of, 304 
Pyridine, preparation of 90 per cent. at 
140° C., 303 
recovery of, 296 
recovery plant, condenser coil and tank 
for, 293 
solubility of, in water, 296, 423 
test for ammonia in, 423 
test for oil in crude, 423 
tests, 422 
titration test, 423 
valuation test of crude, 424 
water, 293, 301 
water receivers, 293 
water, recovery of crude bases from, 
301 ; 


CO, 
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Pyridine— 
water, recovery of crude bases from, 
by soda ash, 302 
yield of, from coal tar ight oils, 304 


Railway sidings, 103 
Raschig rings, 257 
Reaction towers, packed and plate types, 
206-209, 206, 207, 208 
Reagents, action of, on coal, 44 
Receivers, crude benzole, 256 
for ammoniacal liquor, 158 
for anthracene oil, 158 
for benzole, 261 
for benzole plant, 261 
for bottoms, cresylic plant, 221 
for carbolic acid, 222 
for coal tar distillates, 158 
for cresylic acid, 209, 222 
for crude naphtha, 158 
for heavy creosote, 158 
for light creosote, 158 
for light oil, 158 
for naphtha, 261 
for overflow tar, 158 
for pyridine water, 293 
for spent liquors, 210 
for tar acids, 210 
mains to, 157, 158 
pipe lines to, 157, 158 
_ steam coils for, 158 
Receiving box, 153, 154, 157 
tanks, types of, 158 
Recording thermometers, 135, 136 
Recovery of benzoles, 266 
of carbazole, 327, 329 
of naphthas, 263-278 
of phenanthrene, 327, 330 
of tar acids, 226 
pyridine bases, 296 
from pyridine water, 301, 302 
Rectification of benzoles and naphthas, 
279 
of crude benzole, 284, 285, 287 
of crude dried pyridine, 302 
of solvent naphtha, 279 
Rectification stills, 252-259 
Reinforced concrete, Hennebique system, 
112 
Monier system, 112 
tanke sLlIe ilo S shi eho 
Resenes, 37, 40 
Resin, action of, on photographic plate, 15, 


Resins, 14 
from naphthas and benzoles, 274 
in coal, 22, 31, 36, 37, 40 

** Ribbon ”’ firing, 146 
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Rideal-Walker test for disinfectant fluids, 
412 
Ring, annular, or tar still seat, 140 
Rings, Goodwin, 257 
Lessing, 257-258, 259 
Prym, 257 
Raschig, 257 
Rivet holes, making of, in plates for tar 
stills, 123 
Riveting still plates, 123, 124 
storage tank plates, 117, 118 
Roads Board, specifications for tar for road 
treatment, 190, 191, 382-386 
specifications, remarks upon, 190-191 
Roofing felt, tar for preparation of, 189, 192 
Running off tar stills, 186 
pitch, 186, 187 
Run-off cocks, 135 


Safety contrivance, S-pipe, 131 
valves for tar stills, 130, 131 
valves, examination of, 181 
Salted out oil, filtering of, 325 
Salting out oils, 319, 321 
tanks for (anthracene and naphthalene 
plant), 305, 306 
Sapropelic coals, 9 
Schulze’s solution, 19 
Scrubber, centrifugal, 351, 352 
Scrubbers for gas-stripping, 350, 351, 352, 
353 
Seal pot on foul gas main, 156 
Seeds in coal, 24 
Separation of ammoniacal liquor from crude 
naphtha, 182 
of dust from CO, furnace gases, 213, 
214 
of m— from p-— cresol, 246 
of water from CO, furnace gases, 215 
of water from crude naphtha, 182 
Separator, dust, 213, 214 
water, in CO, carbolic and cresylic 
process, 215 
Setting of stills, 140, 141 
Sewer, for producer gas, 145 
Seyler’s classification of coals, 12 
Shale oil for gas stripping, 360 
Sheep dip, creosote for, 340 
Shunting, 104 
Sidings, railway, 103 ; 
Silica gel gas debenzolising process, 373 
Site for tar distillery, 99-101 
Sketch plates, 128 
Sluice valve on storage tank, 119 
Soda-ash, causticising of, 229, 230 
Solubility of carbolic acid, examination 
for, 468 
of pyridine, examination for, 423 











Solvent naphtha, 286 
heavy, 286 
90 per cent. at 160° C., 286 
90 per cent. at 165° C., 287 
60 per cent. at 190°C., 286 
7157 E. flash, 286 
86” F: flash, 287 
manufacture of, 286-287 
Solvents, action of, on coal, 30-38 
Southport debenzolising plant, 372 
Specific gravity of anthracene oil, 185 
of anthracene, 316 
of benzole, determination of, 424 
of carbolice acid, 226 
of creosote, determination of, 390, 399, 
405 
of cresylic acid, determination of, 466 
of crude carbolic, 241 
of crude cresylic acid, 245 
of crude naphtha, 182 
of heavy creosote, 184 
of light creosote, 184 
of light oil, 183 
of naphtha, determination of, 430 
of naphthalene, 315 
of pitch, determination of, 386 
Specification for creosote, 339, 340, 342, 
343, 401-411 
for pitch, 388 
for pyridine, 422 
for road tars, 190, 191, 382-386 
Spent liquor receivers, 210 
causticising, 233 
Spent liquors, examination of, 474 
Spore coats, 24 
Spores, 22, 24, 25, 31, 45 
‘Spreading ’’ firing, 146 
Springing tanks, 203 
Starches, 14, 26 
Steam coils in storage tanks, 119 
for condenser tanks, 153 
in tar stills, arrangement of, 132, 133 
Steam distillation, 184, 249, 266 268, 285, 
289 
Steam heaters for benzolised oil, 353 
Steam, introduction of, into tar stills, 184 
Steam supply to debenzolising still, 364, 
365 
Steaming out tank wagons, 110 
Steel, mild, for tar stills, 121, 123 
Steel plates for stills, shaping of, 123 
Still, tar, 121-129 
bottom, 128, 129 
charge block for, 134 
charging, 181 
cleaning, 187 
construction of, 121-129 
continuous, 170 
corrosion of, 126-128 
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Still— 
design of, 121-129 
dipping tap for, 134 
discharging or running off, 186 
distillation of benzolised oil, 368 
dome, 126, 127 
double wheel flue for, 142 
fireplace for, 138 
firing of, 146 
flues for, 187-139, 142-144 
for anthracene oil, 310 
for cresylic acid, 220 
for neutralised pyridine acid, 292 
for rectifying pyridine bases, 295 
foundations for, 137 
foundations, settling, of 137 
gas v. coal for firing, 145 
lagging of dome of, 126, 135 
manhole and lid for, 184, 135 
plates for, 124 
protection of bottom of, 140 
protection of channel plates of, 140, 

142 

protection of shell of, 142, 143 
run-off pipe for, 135 
safety-valve, for 130-131 
setting, 140, 141 
shell, 125 
single wheel flue for, 143 
sizes of, 125 
steam coils for, 132-133 
steam inlet for, 132 
swan neck for, 131, 132 
swan neck stool for, 131, 132 
tank for charging cresylic into, 220 
tar, gas burners for firing, 144, 145, 146 
working of, 181-185 

Stills, blow-over steam-heated, 250 
fire-heated, 249 
rectification, 252-259 

Stool for safety-valve, 131 
for swan neck, 131 |. - 

Storage tank for pyridine bottoms, 295 
Storage tanks, construction of, 111-119 
benzole and naphtha plant, 261 

brick, 116 
for carbolic and, cresylic acids, 211 
for creosote, 112, 344 
for tar, 111-119 
foundations for, 112 
reinforced, concrete, 111-116 
site for, 111 
wrought iron, 117-119 
Strained oil for gas stripping, 361 
Stripping of gas, 347 
plant for, 347-360 
Suction gas tar, 93 
Sugar-ulmins, 50 
Sugars, 14, 26 








Sulphuretted hydrogen, 29 
in cresylic acid, 244 
poisoning, 493, 495 
Sulphur determination of, in tar, 380 
in benzole, 425 
compounds, determination of, in 
cresylic acid, 466 
Sulphuric acid process of recovering tar 
acids from phenolates, 233, 238 
Sump for pump suction end, CO, tar acid 
recovery plant, 207 
Supply of wash oil to washers, 352, 357, 366 
Swan-neck, preheater, 148 
of tar still, 131 


Tank, finishing (carbolic and cresylic plant), 


210 
Tank for charging cresylic still, 220 
Tank, storage, sluice valve for, 119 
Tanks, causticising, 218 
divider (cresylic and et: plant), 
209 
for air blowing, 222 
for (anthracene recovery process), 311 
for benzolised oil, 350, 353 
for caustic soda, 218, 293 
for condenser coils, 152, 221, 261, 293 
for cresylate and carbolate, 205 
for debenzolised oil, 356 
for drying pyridine, 293 
for pyridine acid, 291 
for recrystallisng (naphthalene re- 
covery process), 305 
for salting out (naphthalene recovery 
process), 305, 306 
for springing, 203 
for washing, 201-203, 248 
storage, for benzole and naphtha 
plant, 261 
storage, for coal tar, 111-119 
storage, for creosote, 112, 344 
storage, for tar acids, 209, 222 
storage, reinforced concrete, 111-116 
storage, wrought-iron, 117-119 
Tank wagons, 110 
emptying of, 110 
tip for, 110 
Tannins, 15 
Tap, dipping, for tar stills, 132, 134 
Tar, blast furnace, 83 
carbocoal, 89 
carts, 111 
chamber retorts, specific noe of, 55 
coalite, 73 
vy free Carbon. In so 
specific gravity of, 72, 73 
coke oven, 82, 83 
composition of, 59-96 
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dehydrated, 189, 192 
dehydration, continuous, 164-170, 192 
determination of ash in, 380 
determination of ‘‘free carbon’’ in; 
Hooper’s method, 378 
determination of ‘‘free carbon,’’ in; 
Warnes’ method, 378 
determination of specific gravity of, 
377 
determination of specific gravity of, 
Church’s method, 377 
determination of specific gravity of, 
Lunge’s method, 378 
determination of sulphur in, 380 
determination of water in, 376 
distillation of, 170-180, 192-194, 199, 
200 
ammonia water stage in, 182 
anthracene oil stage in, 184 
balance sheet for, 194 
Barrett’s process of, 188 
crude naphtha stage in, 182 
heavy creosote stage in, 184 
introduction of steam during, 184 
light creosote stage in, 183 
light oil stage in, 183 
middle oil or carbolic stage in, 
183 
distillery, site for, 99-101 
distilling, Factory and Workshop Act 
Regulations, 477 
effect of nature of raw material on 
chemical composition of, 70 
effect of nature of raw material on 
physical properties of, 58 
effect of temperature of carbonisation 
on composition of, 70 
effect of temperature of carbonisation, 
on physical properties of, 58 
emptying keels and lighters of, 111 
examination of, 376-386 
for road treatment, 190, 191, 382-386 
for roofing felt, 189, 192 
from American coal, 89, 90 
from cannel coal, 85 
from Duckham-Woodhal! vertical re- 
torts, 8l 
from shaley coal, 70 
horizontal retort, high heat, specific 
gravity of, 55 
horizontal retort, low heat, specific 
eravity of, 55 
how delivered to distillery, 110-111 
lignite, low-temperature, 87, 88 
mains for, 104, 110, 120 
measuring of, in storage tanks, 119 
Midland, 72 
Northern, 72 
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pipe lines for the conveyance of, 104, 
110, 120 

plant for dehydration of, 162-170 

prepared, 189-192, 193, 199 

pumps, 119-120 

railway tank wagons, 110 

testing for yield of products, 380 

tips for carts, 111 

tips for railway tank wagons, 110 

ultimate products from Midlands, 72 

vertical retort, specific gravity of, 
73-81 

water gas, 83, 85 

wells or storage tanks, 111-119 

works, lay-out of, 99-108 

Yorkshire, 72 


Tar acids— 


CO, process for recovery of, from 
phenolate, 205, 215, 239 

extraction plant, continuous, 222 

extraction, Peppers’ patent plant, 222 

in creosote, determination of, 391, 400 

in light oil, determination of, 431 

in naphtha, determination of, 430 

in phenolate, determination of, 469 

in wash oil (effect of), 363 

receivers for, 209, 222 

storage tanks for, 111-119 

sulphuric acid process for recovery of, 
from phenolate, 233, 238 

washers used in recovery of, 201, 203 


Tar stills— 


annular ring or seat for, 140 
bottom of, 128, 129 

burners for gas firing, 144-146 

east iron, 121, 122 

charging of, 181 

cleaning of, 187 

construction of, 121 

corrosion of, 127 

dipping cork for, 132, 134 
discharging pitch from, 187 

dome of, 126, 127 

double wheel flue for, 142 

flues, construction of, 142-144 
foundation for, 137 

foundation, settling of, 112 

gas firing of, 145 

high-pitched dome, faults of, 126, 127 
making rivet holes in plates for, 123 
manhole and lid for, 134, 135 
metals used in construction of, 121 
“priming ”’ of, during working, 181 
run-off pipe for, 135 

safety-valve for, 130, 131 

shaping of plates for, 124 

shell of, 125 

single wheel flue for, 143 

steam coils for, 132, 133 
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Tar stills— 
steam arrangement in, 132, 133 
steam coil for, 132, 133 
swan neck of, 131 
swan neck stool for, 131 
tail pipe tor, 135 
thermometer for, 135 
various sizes of, 125 
wrought-iron and mild-steel, 121-129 
Tar-wells, brick, 111, 116-117 
coils for, 119 
foundations for, 111, 112 
iron, 111, 117-119 
reinforced concrete, 111-117 
sites for, 111 
Temperature of wash oil, 364, 367 
Temporary pipe lines, 104 


Testing benzolised and debenzolised oil, 


463, 464 
Testing coal tar, 376 
Thermometer for tar still, 135 
Thermometers, recording, 135, 136 
Thickening of wash oil, 365, 367 
Thickness of plates used for still construc- 
tion, 124 
Thiophene, test for benzole in, 427 
Timber, creosote for the preservation of, 
343, 397-411 
Tips, tar, for railway tank wagons, 110; 
for carts, 111 
Toluene, chemical and physical properties 
of, 281-283 
in toluole, determination of, by Dr. 
Colman’s method, 437 
preparation of commercially pure, 
287 
tests for intermediates, 437 
tests for paraffins in, 426 
tests, 436, 437 
Toluole, Government specification for pure, 
437 
preparation of 90 percent. at 120°C., 287 
Torbanites, 9 
Tower, carbonating, 206-209 
carbonating, packed type, 207, 208 
carbonating, plate type, 206, 207 
purifying, 214 
reaction, 206-209 
reaction, packed, type, 207, 208 
reaction, plate type, 206, 207 
washing, 214 
Transmission of heat, condenser coil, 264 
of heat, heating coils, 264 
Treatment of roads, Roads Board specifica- 
tions, 190, 191, 382-386 
Twisting-point of pitch,determination of, 387 


Ulmiec acids, 48, 49 
Ulmin compounds, 44, 45, 48 














Ulnins, 4474875045 leootos 
Ultrahumins, 53 


**Vacuum ’’ coal tar, 59-61, 63, 70 
“Vacuum ”’ tar, constituents of, 63 
Valuation of crude naphtha, 429 
of crude pyridine, 424 
of light oil, 430 
Valve, safety, 130, 131 
Valves, steam, lagging of, 159 
cast-iron, 159 
cast-steel, 159 
eate, 161 
gun-metal, 159 
Vertical retorts, tar from, 73, 74, 75, 76, 77, 
78, 79, 80, 81, 92, 93, 94, 95 
Vitrain, 14, 17, 24, 25, 34, 35, 39, 40, 45, 46; 
48, 53 
action on photographic plate, 39 
Volatile matter in pitch, determination of, 
388 
Volatility of creosote, 345 


Wash oil for gas stripping, 343-344, 360- 
364 
Wash oil, effects of tar acids in, 363 
amount of,.in circulation, 366 
debenzolising of, 368 
speed, of, through still, 368 
supply of, washers, 352, 357, 366 
temperature of, 364, 367 
thickening of, 365, 367 
water in, 364 
Wash oils, examination of, 463 
Washers for gas stripping, 350 
Washing, benzole, 269-272 
crude naphtha, 233, 235, 266 
heavy solvent, 273 
solvent, 272 
tanks for removing tar acids from oils, 
201-204 
tanks for washing crude anthracene, 
314 
Washing out tar acids from oils, 222-224, 
233-238 
light creosote fractions for tar acids, 
233, 236 
light oil fractions for tar acids, 235, 
236, 237 
middle oil for tar acids, 236, 237 
Washing tanks, benzole and naphtha plant, 
248 
Washing tower, for washing gases from 
CO, furnace, 213, 214-215 
Water, ammoniacal, separating from tar, 
181 
cooling (gas-stripping plant), 368 
determination of, in carbolic acid, 468 





INDEX 


Water— 
determination of, in creosote oil, 391, 
399 
determination of, in cresylic acid, 466 
determination of, in crude pyridine, 422 
determination of, in pyridine bases, 422 
determination of, in tar, 376 
separating from CO , furnace gases, 215 
separation of, from crude naphtha, 182 
separation of, from crude pyridine 
bases, 301 _ 
Separation of, from crude pyridine 
bases, by soda ash, 302 
separator (carbolic and cresylic CO, 
process), 215 
Water box, 155 
Water-gas tar, 83-85 


Water required for dephlegmator, 263, 288 . 


Waxes in coal, 22 
Well tar, cousirieeod o{f— 
foundations for, 111, 112 
site for, 111 
Wells’ oil, 185, 388 
‘‘ Weston ” centrifugal machine, 309, 310 
Wheel flue, single, for tar still, 143 
double, for tar still, 142 
Wikner dehydration plant, 164 
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Wilton’s continuous distillation plant, 172 
dehydration plant, 165 
Wood preservative, creosote for, 343, 397— 
411 
Woodhall-Duckham vertical retort tar, 81 
Working of tar stills, 181-185 
Works experiments on washing oils, 237 
Works costs— 
benzole, 289 
carbolic, 237 
pitch getting, 333 
tar distillation, 195 
Works, lighting of, 165 
Worm end, 154 
Wrought iron for tar stills, 121-129 


Xylene, chemical and physical properties 
of, 281-283 
for intermediate manufacture, 
fOre4al 
in toluole, determination of, by Dr. 
Colman’s method, 437 
Xylenes, preparation of commercially pure, 
288 
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TAR DISTILLATION 


AND DEHYDRATION, 


CAR BOEIC. VAIN D Bie GRE Neate Le 
ACID EXTRACTION, 


HOT PRESSED NAPHTHALENE, 


Naphthalene Balls, | Naphthalene Tablets, 
Naphthalene Flakes, Anthracene, 


CRUD ESSAND SS EG lIN Eee CN Zales 
PURE: SBE NZ EN Ei 1) ee 1) 
VYagLe Eon Ee 


SULPHURIC ACID PLANTS. 


Telegrams :— Telephone No. 
““ Evcoppée, Victoria 6590 
Phone, London.” (3 lines). 


THE COPPEE CO. 


(GREAT BRITAIN) LTD.. 
44 GROSVENOR PLACE, 
E@NDON; ; Sa View 








BLAIR, CAMPBELL & McLEAN, LTD. 


Desien, ERECT, AND MANUFACTURE 
Distilling, Evaporating, Fractionating, 
Rectifying and Subliming Plant, 


FOR THEIMANUFACTURE OF 


TAR PRODUCTS 


The following list of a few of the Products, for which we 
have manufactured plant during the past few years, is a 
criterion of the experience which we shall be pleased 

to place at your disposal. 





Ammonia (liquid), Aniline, Anthracene, 
Anthraquinone, Benzoles, Creosotes, Car- 
bolic Acid, Cresols, Cresylic Acid, 
Guaiacol, Motor Spirit, Nitro-Benzene, 
Naphthalene, Pitch (soft), Phenols, Pyri- 
dene, Salicylic Acid, Solvent Naphtha, 
Tar Acids, Toluols, Trinitrotoluene. 


Complete ‘By-Product Works designed and erected in 
any part of the world. 
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CONTINUOUS DISTILLATION OF 
COAL TAR 


Hird’s Patent Process 


LOW WORKING COST 
AUTOMATIC AND 
SIMPLE TO OPERATE 


Distillates and Pitch discharged continuously 
and simultaneously after initial adjustment 


No skilled supervision required 
"Ae 
Particulars from the SOLE XCAKERS : 


W. C. HOLMES & CO., Ltd. 


GAS AND CHEMICAL ENGINEERS 


WORKS AND HEAD OFFICES: 


HUDDERSFIELD 


TELEGRAMS: ‘* Holmes, Huddersfield.” TELEPHONE : 1573 


























GLOVER-WEST 
VERTICAL RETORTS 


THE GLOVER-WEST SYSTEM OF HEATING 


provides for :— 
The Carbonization of all varieties of Coal. 
Control of Carbonizing Temperatures. 
Conservation and Utilization of Heat. 


Coal-Gas and Water-Gas Manufacture at 
one operation in the same Retort. 


INCREASED :— 


Volume of Gas, | 

per Ton 
Output of Therms, - of Coal 
Tar and Ammoniacal Liquor | Carbonized 


AND 


MINIMUM OPERATION COSTS. 


WEST’S GAS IMPROVEMENT CO. Ltd. 


ENGINEERS, MILES PLATTING 
MANCHESTER 


LONDON: Regent House, Kingsway, W.C. 2 


NEW YORK WEST GAS IMPROVEMENT Co. of AMERICA 


Incorporated 


(USAR) 150 Nassau Street, New York 
SYDNEY: Union House, 243 George Street, Sydney, N.S. W. 


ARIS: CIE. GLE. DE CONSTRUCTION DE FOURS 
P ; 8 Place des Etats-Unis, MONTROUGE (Seine) 
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THE CHEMICAL ENGINEERING 


AND 
WILTON ’S PATENT FURNACE Co. 
LIMITED 
_ Engineers and Manufacturers 
Telepleren HEAD OFFICES: Tel, Add.: 


Victoria 2417. 76 Victoria Street, LONDON, S.W. 1. “Evaporator, Phone, London.’ 


PLANT 


FOR 


SULPHATE OF AMMONTA 
NEUTRAL SULPHATE 


LIQUID HOUSEHOLD AND 
ANHYDROUS AMMONIA 


CHLORIDE OF AMMONIA 
CARBONATE OF AMMONIA 
CONCENTRATED LIQUOR 
CARBOLIC EXTRACTION 
TAR DEHYDRATION 
TAR DISTILLATION 
BENZOL RECOVERY 
BENZOL RECTIFICATION | 
SULPHURIC ACID, Etc 





TRAVELLING 
CONCENTRATED PLANT 
TRAVELLING 
NEUTRAL PLANT 
SATURATORS FORCED DRAUGHT FURNACES 
CENTRIFUGAL MACHINES OIL BURNERS 
SPARE PARTS : 
LEAD REPAIR WORK OTL TOPPING AND REFINING PLANTS 








CONTINUOUS TAR DEHYDRATION 
AND TAR DISTILLATION 


Pressure Release ae a 
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for Vapours. 


NOt _Pressure Release where Vapours come of f 
Coil». Se 

Condensers, 
ee he 


Stilf, 


Storase, 


Furnaces. 
Reservoir oe - Dehydrated 
Tar for N°2 Coil. 





DEHYDRATION 


Simplicity and low capital cost. 

Ease of handling and minimum of labour. 

Economical working of fuel. 

Entire absence of fire risks. 

Dehydration of tar can be carried on to pitch by small addition. 

Can be used for Topping Creosote, Crude Light Oil and Debenzo- 
lizing Wash Oil. 


Our Balance Sheet of Cost ts well worth investigation. Ask for a Copy. 


DISTILLATION 


ive Ube pitch can) pe tested in bulk ams corrected, if necessary, 
before running off. 
2, The continuous. dehydration ensures the maximum output 
through the FINAL still. 
Dehydrated tar can be made without the FINAL still. 
Variation of water content does not reduce the throughput. 
The tar is absolutely dehydrated before the tar enters the 
FINAL still and stills xever froth. 
Large saving of fuel. 
~ Any number of cuts can be made. 


CHEMICAL ENGINEERING & WILTON’S PATENT 


FURNACE CO., LIMITED 
76 Victoria Street, London, S.W. I. 


Telegrams: “ Evaporator-Phone-London.-” Telephone: Victoria 2417 
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FRANCE: SOCIETE WILTON, 233 BOULEVARD GAUTIER, BORDEAUX. 












ONE OF THE OLDEST MANUFACTURERS 
IN ENGLAND FOR ALL TYPES OF 


TAR DISTILLING PLANT, & APPARATUS 


FOR 


TOLUOL, BENZOL, NEUTRAL SULPHATE, 
BY-PRODUGT REGOVERY, &c. 





A SCIENTIFIC AND EXPERIENCED STAFF 
IS EMIPLCYED TO DESIGN AND CONSTRUCT 
PLANT FOR EXISTING PROCESSES, OR 

RESEARCH WORK. 


R. & J. DEMPSTER, L™ 


GAS AND CHEMICAL ENGINEERS, 
MANCHESTER. 








COKE OVENS 


SEMET-SOLVAY SYSTEM (Horizontal Flues) 
and PIETTE SYSTEM (Vertical Flues) 


Strong Design. — Careful Workmanship. 
Low Maintenance Cost. 


COAL WASHERIES 
DIRECT AMMONIA RECOVERY 
BENZOL PLANT 
TAR DISTILLATION PLANT 


ETc: 


OEMET-GOLVAY & PIETTE COKE OVEN Co., Lid. 
HOWARD CHAMBERS. 
155 NORFOLK (STREET, 
SHEFFIELD. 


DISTANCE THERMOMETERS 


FOR TAR STILLS, 
BENZOLE STILLS, 
AND CHEMICAL 
PLANT GENERALLY. 





Fitted with patent compensated tubing. Any range to 
550° C. Reliable — Sensitive — Accurate. British-made 
throughout. Also manufacturers of 


Mercury - in- glass Thermometers. 
Electrical Distance Thermometers. 


—........ NEGRETTI @ ZAMBRA 


S Ip. 

Pricelscta 38 HOLBORN VIADUCT, Sqn 
LONDON, E.C. 1. 

Factory : " Barnsbury, N 






on request, 
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NOW READY. 


COKE AND ITS USES: In Relation to Smoke Abatement. 


By E. W. NICOL, A.I.E.E., M.I.Mar.E. ; Member of the Fuel Economy Committee, Federation of British 
Industries ; Engineer and Fuel Expert to the London Coke Committee. 


It is to meet the pressing need for a concise and authoritative work of reference for the use of all business men 
and others concerned with the allied subjects of economical fuel practice and smoke prevention that this book has 
been specially written. Crown 4to, with numerous illustrations. Price rgs. 6d. net. 


READY IMMEDIATELY, 


THE SUPERVISION AND MAINTENANCE OF STEAM RAISING PLANT. 


By CHARLES A. SUCKAN, A.C.G.I., A.M.I.Mech.E., A'M.N.E.C.Inst.; Certified Chief Engineer, 
Board of Trade; Consulting Engineer-Chemist. 


The book. though strictly scientific, contains a wealth of practical illustration drawn from the writer's experience 
ashore and afloat. It will appeal equally to the company director and the plant engineer. Crown 4to, with about 
250 illustrations. Price approximately 30s. 


PULVERISED AND COLLOIDAL FUEL. 
By J. T. DUNN, D.Sc., F.1.C.; Consulting Chemist and Analyst, 


The author gives an impartial account of the various systems for burning coal in the powdered form which have 
been developed in recent years and applies those principles so as to indicate the conditions under which powdered 
coal is likely to become available and economically applicable to the purposes of industry. Crown 4to, with 
numerous illustrations. Price approximately 35s. 


THE UTILISATION OF LOW-GRADE AND WASTE FUELS. 
By W. FRANCIS GOODRICH, M.B.E. 


Very complete information and data are given concerning the results obtained with a very great variety of low- 
grade and waste fuels in many countries, and the essential conditions for efficient utilisation are fully discussed and 
illustrated. Crown 4to, with 50 tables and 150 illustrations, Price approximately 30s. net. 
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COMPLETE TAR 
DISTILLING AND 
DEHYDRATING PLANT 


THIS IS OUR SPECIALITY. 





THE ROLLS-ROYCE OF TAR STILLS. | 


Tops and Bottoms pressed to shape by Special Hydraulic Machinery ; 

Rivet Holes drilled in position, and all riveting, where practicable, 

done by Hydraulic Machinery, which together ensure the highest 
possible class of Tar Still made. 


WE TURN OUT AN AVERAGE OF ONE STILL A 
WEEK ALL THE YEAR ROUND, AND 
ALWAYS HAVE SOME IN PROGRESS FOR EARLY 
DELIVERY. 


LEEDS & BRADFORD BOILER C®°. L'» 
STANNINGLEY. 








A WEEKLY JOURNAL 


DEVOTED TO INDUSTRIAL 


AND ENGINEERING CHEMISTRY 


THE 


CHEMICAL AGE 


IS READ BY 
CHEMICAL MANUFACTURERS 
Supports all CHEMICAL MERCHANTS Special Articles 
Movements for | RESEARCH CHEMISTS : | _ by Leaders of 
the Development | WORKS CHEMISTS : : Science, 
of the British ANALYTICAL CHEMISTS Industry, 
Chemical CONSULTING CHEMISTS | and Commerce. 
Industry. CHEMICAL ENGINEERS | iLLUSTRATED. 
CHEMICAL PLANT 
\ LS 


MANUFACTURERS 


EVERY MONTH the China Clay Trade Review 
is incorporated in THE CHEMICAL AGE. <> 
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- THE CHEMICAL YEAR BOOK, 1924. 

| FREE to Subscribers of THE CHEMICAL AGE 
Non-Subscribers : . 10/6 

CONTENTS 


Index of Chemical Organisations. Chemical Names and Formule 
of Commercial Chemicals. Chemical Statistics and Standard Tables. 
Chemical Price Records. Buyers’ Guide. Advice to Inventors. 
Commercial Usersof Industrial Chemicals. Commercial Intelligence. 
Bankruptcies, etc., for the Year. Interleaved Diary for the Year. 
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BENN BROTHERS LTD. 
8 Bouverie Street, LONDON, E.C.4 








THE GAS INDUSTRY 





EVERY PHASE OF 


IS AUTHORITATIVELY DEALT WITH IN 


i 
————— ———  ———————————————— ——————————————_—_ 


PUBLISHED EVERY SATURDAY, PRICE EIGHTPENCE. 
PREPAID SUBSCRIPTION, U.K. 28/- per annum. Abroad, 32/=. 


THE GAS WORLD 1s regularly read by Chatr- 
men and Dtrectors of Gas Companies, Managers, 
Engineers, Officials, Chemists, Employees of Gas 
Companies and all who need to be kept in the 
closest touch with every phase of the Gas Industry. 


ALL READ ‘‘* THE GAS WORLD.’’ 


GAS WORLD YEAR BOOK, 1924. 


SYNOPSIS OF CONTENTS. 


DIRECTORY OF GASWORKS IN GREAT BRITAIN 
AN De IRELAND SAND JIN: THE COLONIES “(fis 
Directory gives detailed tnformation concerning these gas 
undertakings). LIST - OF FOREIGN -GASWORKS 
OW NE Det Yar b Ris HeCOMPANIESS* “STATISTICS 
OFPMGARBURETA ED AND: “BLUE = WATER *® GAS 
PLANTS. LIST OF BY-PRODUCT COKING PLANTS 
IN GREAT BRITAIN. INDEX OF BRITISH GAS 
OEIC pome bly owsG UIDs DIARY,  ROSEAL 
INE ORVWARION = hice “and™ HANDY ~TABEES -FOR 

GAS MANAGERS. 


FRREE The Annual Subscription to ‘‘ THE GAS WORLD” covers a free copy 


of the Year Book. Price to non-subscribers, 10/6. 


BENN BROTHERS LTD., 
8 Bouverie Street, LONDON, E.C. 4 
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